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SUMMARY 
The main purpose of th is study is to develop a theoret ical feed­
back model that could help understand the dynamics of a consumer product 
exhibi t ing the cha rac te r i s t i c of being infrequently purchased. 
The system analyzed includes a s impl i f ied representation of the 
producer sec tor , a d i s t r ibu tor sector , and a consumer sec tor . 
After formulating the dynamic hypothesis, a model i s constructed 
and equations are developed for l e v e l s , r a t e s , a u x i l i a r i e s and general 
assumptions are made for the i n i t i a l conditions of the system. 
The simulation language used i s DYNAMO I I I which proves sui table 
for feedback models. 
The study t r i e s to analyze, based on the theoret ical model, what 
differences in the dynamic structure are casuing the differences in 
pattern behavior, as in the case of the sa les pattern vs time. 
After the running of the or ig ina l model, the bahavior of i t i s 
analyzed, changing some parameters and i n i t i a l conditions which are 
thought to be i n f l u e n t i a l . These might be market s i z e , awareness de lay , 
purchasing delay, delay in the production decision at the producer and 
the delay in the ordering decision at the d i s t r i bu to r . 
Important conclusions were drawn concerning market s ize which 
resulted in a s ens i t i ve parameter. Other parameters that showed some 
s e n s i t i v i t y , although not s i g n i f i c a n t , were: the production decision 
delay at the producer sector and the ordering delay at the d i s t r ibu tor 
sec tor . 
ix 
It is believed that although the model has many limitations it 




INTRODUCTION The research herby reported adreses the ned for a betr under­standing of the dynamic marketing environment whic  in the present has increased in complexity and has forced marketing managers to rexamine their methods and techniques for solving marketing problems and to develop betr marketing strategies. Methods whic  proved sucesful in the past are far too risky in today's rapidly changing economy. The efect of rapid technolgical and social changes, the shortenig of a product's life cycle, and the complexity of dynamic systems demands methods and techniques more suitable for more efective decison making. Fedback Dynamics is one of the best analytical tools availble in the present in dealing with dynamic systems and has ben successfully applied in industry. A marketing system, like an industrial system, can be represented and analyzed through a simulation model, and this study is an atempt to achieve this goal. 
A. Objectives 
The present study has ben organized to met a seris of objectives: (1) Develop a theoretical aproach within whic  a dynamic marketing system may be studied and analyzed. 
2 (2) Develop a theoretical structure through whic  the interela­tions of the varibles of the system may be evaluated and analyzed. (3) Develop a model that could describe as close as posible the system asumed. (4) Develop the equations for the model proposed. (5) Evaluate the results obtained by simulation methods. (6) Study the efect in the overall perfomance of the system when changes take place. (7) Ases the contribution of studying the model to marketing decison making. The aproach follwed to analyze the system is based on the Fedback Dynamics Methodolgy as developed at M.IT. (1) and extnded at Georgia Instiute of Technolgy (2). A fedback dynamics study consits of the follwing steps: (1) Problem Identifcation (2) Dynamic Hypothesi  Development (3) Model Buildng (4) Model Analysi  (5) Model Validation (5) Model Synthesi  (7) Implementation (8) Evaluation (9) Instiutionalization This study wil follw up to model analysi  deriving from this the conclusions and recommendations for the problem under study. The analysi  of life cycles of infrequently purchased products wil be done mainly on sales peak time and acumulated average profit. 
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3.' Perspectives of Study 
Relationships and interact ions within a marketing system wi l l be 
considered assuming that the system is composed of three subsystems: The 
producer subsystem, which manufactures the product; the d is t r ibutor 
subsystem which wi l l be considered as s e l l i ng d i r ec t l y to consumers; 
and the consumer subsystem. 
The central objec t ive i s to develop a framework within which 
marketing behavior could be described and some general marketing manage­
ment decisions could be tested and evaluated. 
Consumer behavior i s extremely d i f f i c u l t to analyze and even 
more d i f f i c u l t to predict; so some assumptions need to be made such as : 
in general consumers react to marketing s t imul i , a lso that people buy 
based on an attached u t i l i t y to the product and other assumptions that 
w i l l be discussed in detai l when dealing with the consumer sec tor . 
Emphasis wi l l be placed on some management po l ic ies and decisions 
concerning the introduction of the product such as pr ice and promotion 
decis ions. 
The dynamics of a system as created by the component i n t e r r e l a ­
t ionships and the feedback loops of a system are sometimes overlooked 
in the decision making process. The formulation of a model of the system 
f a c i l i t a t e s the understanding of these r e l a t ionsh ips , so we bel ieve that 
formulating a simple marketing system wi l l help us understand and 
learn more about the decision making in marketing. 
The producer subsystem wi l l be viewed as a producing agent that 
t ransfers goods d i r e c t l y to the d i s t r ibu to r . 
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The distributor subsystem will be assumed that sells directly to 
consumers. 
The consumer subsystem will be based on a fixed population of 
potential buyers and will be analyzed in terms of purchasing behavior. 
C. Producer Objectives 
It will be assumed that the major objective of the producer are 
short term accumulated profits. 
Finally, it is expected that this study will contribute to the 
development of market dynamics and as a broader application of the 




Beginning in 1950, a r ich va r i e ty o f models have been developed in 
the marketing area providing qua l i t a t i ve and quant i ta t ive approaches to 
so lve marketing problems. Model building and quant i ta t ive methods o f 
analys is are the basis o f today ' s ana ly t ica l approach. Since the types o f 
problems faced by the marketing manager vary in complexi ty and in nature, 
d i f f e r en t models are constructed to meet d i f f e r e n t purposes. The manager 
then instead o f studying the actual system, s tudies a model o f the 
system, thus enabling him to look at the e f f e c t in the overa l l performance 
o f the system when a change takes place in i t . 
It would be almost impossible to ennumerate a l l the marketing 
model that have been proposed in the l i t e r a t u r e . Important con t r ibu­
t ions have been made by the fo l lowing authors: 
Frank 3. Bass (3) proposed a growth model fo r the timing o f 
i n i t i a l purchase o f new products making the bas ic assumption that the 
timing o f a consumer's i n i t i a l purchase is re la ted to the number o f 
previous buyers. The behavioral assumption is based on innovat ive and 
imi ta t ive behavior . The model y i e l d s good p red ic t ions o f the sa les peak 
when applied to h i s t o r i c a l data. 
The model proposed by Frank Bass does not cons ider the e f f e c t 
that adver t i s ing , pr ic ing and promotion have on s a l e s . Rather he 
focuses mainly in the assumption that the p robab i l i t y that an i n i t i a l 
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purchase will be made at time T, given that no purchase has yet 
been made, is a linear function of the number of previous buyers. 
This model implies exponential growth of initial purchases to 
a peak and then exponential decay. 
This model has been applied to data for consumer durables and has 
shown good agreement in the timing and magnitude of the sales peak. 
Bartlett, M.S. (4) proposes the theory of adoption as related with 
some epi demo logical models. 
Haines ( 5 ) , Fourt and Woodlock ( 6 ) , and others have suggested growth 
models for new brands or new products which suggests exponential growth 
to some asymptote. 
David F. Midgley (7) develops a quantitative theory of innovative 
behavior based on extant behavioral knowledge as expressed by a set of 
differential equations. It is an approach to quantify complex areas of 
human behavior as mathematical theories. He developes his theory based 
on the concepts of potential adopters, active adopters, active rejectors 
and passives. 
Everett, M. Rogers (8) discusses the process on innovation and 
develops a model based on the diffusion process. 
Rogers classifies the adopters on the basis of relative time of 
adoption. It is very interesting that what he proposes is that the 
individual consumer goes through a series of stages of acceptance in the 
process of adopting a new product. The value of this model of the adoption 
process is that it requires the innovator to think carefully about new-
product acceptance. 
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The concept o f product l i f e c y c l e has a lso been discussed thoroughly 
in the l i t e r a t u r e . The main concern o f marketing management i s to 
i den t i fy d i s t i n c t oppor tuni t ies and problems with respect to marketing 
s t ra tegy and p r o f i t po t en t i a l . 
By iden t i fy ing the stage that a product i s in , or may be headed 
toward, be t te r marketing plans can be formulated. 
Most d i scuss ions o f product l i f e c y c l e r e l y on the sa les and 
p ro f i t h i s tory o f the product. However no at tent ion i s given to how and 
why th is time pattern i s c rea ted . William E. Cox (9) goes into an analys is 
o f product l i f e c y c l e s as marketing models and g ives some suggest ions fo r 
marketing s t r a t e g i e s . 
Theodore Levi t t (10) deals a l so with an analys is o f the product 
l i f e c y c l e es tab l i sh ing bet ter marketing plans at d i f f e ren t stages o f the 
product ' s l i f e . 
Although marketing models usual ly are not completely i n t e g r a t i v e , 
s ince they deal with general theor ies focused on few elements o f the 
marketing system rather than fo l lowing an in tegra t ive approach, in the 
present there has been concern to develop more complete and de ta i l ed 
models. These models have been developed for se t t ing adver t i s ing budget, 
consumer reac t ion to adver t i s ing , sa les response to p r i c e , as a planning 
and cont ro l t o o l , as promotional spending, and many others which are 
d i f f i c u l t to ennumerate. 
Vidale-Wolfe (11) developed a model based on the assumption that 
the change in the sales ra te at a given time t i s a function o f four 
f a c t o r s : the adver t is ing budget, the sa les - response , the saturat ion 
level o f s a l e s , and the sales decay constant . This model has been 
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applied in long-run profit analysis and to determine alternative 
advertising-budgeting strategies. 
Another model proposed by David B. Learner (12) called DEMON, is 
oriented toward a new product, and has a profit maximization approach to 
sales. 
All the models mentioned above do not use the Feedback Dynamic 
Methodology. 
Jay W. Forrester (13) has proposed an approach to test alternative 
seasonal advertising policies. He suggests that advertising has a lagged 
impact on consumer awareness, making this problem suitable for simulation 
analysis. 
The model based on market-advertising interaction makes the 
assumption that for a total industry such as household appliances, there 
exists a pool of prospective customers which are at least vaguely aware 
of their need for the product and whose actual purchase time will vary, 
depending presumably by the sales effort. 
The system considered by Forrester's study deals only with a part 
of the total market, since it considers only the purchasers whose existence 
is independent of advertising. So the main effect that advertising has on 
the system is the shortening of the delay in the purchasing decision. 
Forrester examines some of the implications of an advertising 
policy that is proportional to sales. As a result of this analysis, 
Forrester establishes that a system could achieve better stability when 
restructuring the system with a different assumption than advertising 
proportional to sales. A policy of reducing advertising when sales 
are increasing would produce greater stability on the system; but 
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discusses that i t may not occur that way s ince this may create other 
kinds o f problems in the system. 
It could be concluded from Forres te r ' s adver t i s ing model that , 
i t is very important to consider the awareness delay in adver t is ing 
in order to coordinate be t ter inventory and production d e c i s i o n s . 
Awareness delay has an important e f f e c t on the industr ia l system. 
Arnold E. Amstutz (26) presents an organized behavioral theory o f 
market in te rac t ions and suggests an approach to management based on the 
use o f microana ly t ic computer simulations o f in te rac t ions within the 
marketing environment. 
Amstutz focuses on the development and implementation o f behavioral 
models and system conf igura t ions designed to provide an adequate s tructure 
o f th is system within which management problems involving the environment 
external to the firm can be defined and analyzed. 
The to ta l system includes the manufacturer, the d i s t r i b u t o r , the 
r e t a i l e r , the consumer, the salesman, and even research and government. 
Amstutz presents complete models for each of the components. 
It should be pointed out that Amstutz presents a complete simulation 
model, providing an e x c e l l e n t cont r ibut ion in the f i e l d o f simulation in 
management dec i s ion making. 
The work previous ly descr ibed provided an important input in the 
development o f th is research work, e s p e c i a l l y when dealing with the 
consumer sec to r model and for the formulation o f the purchasing rate 
equat ion. 
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In order to gain a be t ter understanding in consumer behavior , 
several theor ies were studied ( 1 5 ) . 
I t is a fac t that to develop a model o f a consumer behavior i s not 
an easy task. Customers are nei ther simple in themselves nor in the i r 
behavior toward the purchasing a c t i v i t y . 
Innumerable s tudies have been made in consumer behavior . Many 
theor ies have been developed in order to explain why consumers buy. 
Among the more important are the f o l l o w i n g : 
1. The Marshallian Economic Model. The theory of Alfred Marshall 
holds that purchasing dec i s ions are the r e su l t o f l a rge ly "ra t ional" and 
conscious economic c a l c u l a t i o n s . The individual buyer seeks to spend his 
income on goods that wi l l d e l i v e r the most u t i l i t y according to his des i res 
and r e l a t i v e pr ice o f the product . By u t i l i t y he means s a t i s f a c t i o n . 
His theore t i ca l work was aimed at rea l i sm, but his method was to s tar t with 
s impl i fying assumptions and to examine the e f f e c t o f a change in a simple 
v a r i a b l e , such as p r i c e , while holding a l l other var iab les constant . Over 
the years his methods and assumptions have been ref ined creat ing the 
modern u t i l i t y theory. 
Marshal l ' s model suggests useful behavioral hypothes is ; such as , 
there is a r e l a t ionsh ip between pr ice and demand, and i t suggests the 
e f f e c t o f promotional e f f o r t s in higher s a l e s . However, the major emphasis 
o f Marshal l ' s theory i s on economic f ac to r s a lone; and, these cannot 
explain a l l the var ia t ions in sa les and purchasing behavior . 
2 . The Pavlovian Learning Model. This model suggested by Ivan 
Pavlov i s based on four central concepts which are d r i v e , cue , response, 
and reinforcement . 
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A d r i v e , a lso ca l l ed "need" or "motive", lis an i n d i v i d u a l ' s strong 
internal st imuli impelling ac t i on . A dr ive is general and impels a 
par t i cu la r response only in r e l a t i on to a par t icu lar conf igura t ion o f 
cues . Cues were defined by Pavlov as weaker stimuli in the environment 
and/or in the individual which determine when, where, and how the subject 
responds. 
The response i s the organism's reac t ion to the conf igura t ion o f 
cues ; and, i f the exper ience had been rewarded, a par t icu la r response is 
r e i n f o r c e d . So there is the tendency o f repeating the same response when 
the same conf igura t ion o f cues reappears. 
Although th i s theory does not incorporate many var iab les which are 
important t o consider in purchasing behavior,* i t does provide gu ide l ines 
in the area of adver t i s ing . Repet i t ion r e in fo rces the learning process 
and may st imulate the repurchasing a c t i v i t y . 
3. The Freudian Model. This model suggests that buyers are moti­
vated by symbolic as well as economic-functional product concerns . It 
aims b a s i c a l l y to explain the behavioral phenomena although several 
phi losophica l d ivergencies have d e b i l i t a t e d the model. 
4. The Veblenian Soc ia l -Psycho log ica l Model. Thorstein Veblen 
es tabl i shed that the wants and behavior o f people are l a r g e l y molded by 
the i r present group memberships and the group memberships to which they 
a sp i r e . He said that consumption habits were not motivated by i n t r i n s i c 
needs or s a t i s f a c t i o n but mainly by the search fo r p r e s t i ge . He d iv ides 
the soc i a l inf luences as soc ia l l e v e l s which are : cu l t u r e , subcul tures , 
and soc ia l c l a s s e s . 
Veblen 's input to modern theor ies is based on the inf luence o f 
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soc i a l and psychologica l e f f e c t s on purchasing behavior . 
An important conclus ion is that buyers ' minds are compl ica ted , 
and no one has succeeded in putting a l l buying motivat ions together in to 
one coherent instrument for behavioral ana lys i s . This is one goal o f 
behavioral s c i e n c e . This thes i s i s intended to be a step in that 
d i r e c t i o n . 
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CHAPTER III 
DESCRIPTION OF THE SYSTEM 
As previous ly s ta ted , we w i l l consider the system as formed by 
three subsystems: the producer, the d i s t r i b u t o r and the consumer. 
As indica ted in the to ta l model diagram (Figure 5 . 1 ) , the system 
has as elements o f flow mate r ia l s , o rde r s , money, people and information. 
The flow o f goods from the producer subsystem to t he -d i s t r ibu to r 
(Figure 5 .1) is the product we are dealing with , i . e . , an infrequently 
purchased product . It i s assumed that the marketing system i s fo r t h i s 
s ing le product , and that a l l the marketing e f f o r t i s d i rec ted to promoting 
and s e l l i n g only th is s ing le product. 
As indica ted in Figure 3 . 1 , a simple marketing system can be 
general ized as: 
Communic.atjon n _Commynication 
Goods and se rv ices 
Money ( s a l e s ) 
J L 
I 
Goods and se rv ices ' 
1 * 
Money ( s a l e s ) 
Information 
Figure 3 . 1 . Simple Marketing System 
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A comprehensive marketing system map for our system may be 
represented as in Figure 3.2. 
Environment 
Company Marketing Sales Marketing Decision Marketing Buyer and Strategy Variables Channels Behavior Cost 
Product Characteristics 
Price Company Environment->Marketing Strategy 
^ Physical Distribution" 





Figure 3.2. Ilustration of the System Under Study 
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As it is observed from Figure 3.2, there are two major decisions 
that the company must face: trade decisions and consumer decisions. 
To influence the trade, i . e . , sales to the distributor, the company 
uses the wholesale price, trade advertising, co-op advertising allowances 
and service and delivery policy. To influence the consumer, the company 
uses product characteristics, retail price, promotion deals, and consumer 
advertising. 
The distributor will be viewed as an active element having the 
function of selling the product directly to the consumer, and also as an 
important agent in stimulating buyer behavior, mainly through advertising 
and sales promotion. 
Buyer behavior has an important contribution to''/the marketing 
system since it defines the sales rate and acceptance of the product. 
This effect on the sales rate will define the time pattern of sale during 
the life cycle of the product. 
In this study we will try to analyze what characteristics of the 
feedback structure influences the time pattern of the sales response, and 
to hopefully achieve a better understanding of the simple marketing system 
previously described. Also we will try to identify and understand the 
cause of different patterns that a product life cycle may exhibit. 
In order to construct a model that could permit us to analyze the 
system, it has been necessary to make several assumptions: 
(1) The producer is marketing an infrequently purchased product 
in a single market. 
(2) The producer must define the better marketing strategies 
during the life cycle of the product which could be more 
profitable. 
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(3) The producer controls the marketing decisions of product 
characteristics, price, distribution policy and advertising 
policy. 
(4) The distributor is an active agent of the system. The major 
decisions that the distributor makes are: Inventory decision, 
and ordering decisions. 
(5) The buyer behavior is influenced mainly by the product 
characteristics, by advertising, and considering the price 
of the product. 
(6) External environmental factors are not considered neither the 
influence that uncontrollable factors may have on the system. 
(7) The market may be identified as homogeneous. So buyers tend 
to react in the same way to marketing stimuli. (18). 
(8) The infrequently purchased product falls in the category of 
an homogeneous product. 
(9) The producer's interest in introducing the new product is 
first to develop the primary demand, and to achieve the best 
results and profits during the introductory stage of the 
product. 
(10) No competitive sector has been considered. 
These are the major important assumptions of our system. 
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CHAPTER IV 
DYNAMIC HYPOTHESIS DEVELOPMENT 
A. Introducti on 
A product's sales position and profitability can be expected to 
change over time. The product life cycle is an attempt to identify dis­
tinct stages in the sales history of the product. 
This study tries to identify and understand the cause of some of 
the variations in the sales history of an infrequently purchased product. 
Most discussions of product life cycle (15) are based on the typical 
S-shaped sales as indicated in Figure 4.1. 
Hypothetically four stages are described in a typical product life cycle. 
Introduction, which is a period of slow growth since the product has just 
been introduced in the market, usually has no profits or very low ones 




Introduction Growth Maturity Decline 
Time 
Figure 4.1. Sales and Profit Life Cycles 
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is a period of positive market acceptance of the product and of increasing 
profits to the manufacturer. Maturity is characterized as a period of 
not so rapid sales growth, and it is a period in which profits peak and 
start to decline. The last period is the decline period where sales and 
profits decline. Often this is a period when substitutes of the product 
are made, new product uses are advertised, and innovations for the old 
product are introduced; all of which can counteract the drop on sales of 
the product. 
However, not all products exhibit during their life cycle the 
idealized S-shaped product life shown in Figure 4.1. Some products may 
exhibit variations, such as shown in Figure 4.2; some may experience 
rapid growth from the very beginning; still others do not successfully 




Figure 4.2. Other Life Cycle Variations 
William E. Cox (19) in his studies of life cycles ha-s found for 





Figure 4.3. Other Poss ib le Variat ions o f a Product Life Cycle 
Cox explained that the second c y c l e , which he denominated r e c y c l e , 
probably was caused by the t r ad i t iona l push o f the product in the dec l ine 
s t a t e , such as p r ice reduc t ions , product improvements and other marketing 
s t r a t eg ie s which tend to st imulate sa les at the dec l in ing s tage . 
We b e l i e v e that the l i t e r a t u r e o f f e r s a good but not complete 
and de ta i l ed explanation o f the time pattern behavior o f the l i f e cyc l e o f 
a product . 
The l i f e c y c l e o f a product may exh ib i t d i f f e r en t va r ia t ions 
depending on the condi t ions of the system and the i n t e r r e l a t i onsh ips o f 
feedback loops which c rea te the l i f e c y c l e pat tern. 
Factors such as product c h a r a c t e r i s t i c s , inventory p o l i c i e s , 
pr ic ing p o l i c i e s , adver t i s ing s t r a t e g i e s , consumer behavior , environment, 
and many others e f f e c t the pattern behavior o f sa les f o r a given product . 
The bas ic s t ructure o f a system is the t o t a l i t y o f r e l a t ionsh ips 
between the var iab les that form the feedback l o o p s . Forrester points out 
that the bas ic s t ructure o f a l ternat ing l e v e l s and flow rates seems to 
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represent the nature of industr ial management system. 
Levels are the accumulations within the system and determine the 
decisions that control flow rates (see Figure 4 . 4 ) . 
Flow rates define the present, instantaneous flows between the 
l e v e l s in the system (see Figure 4 . 4 ) . 
The control of the rates of flow between l eve l s i s exerted by the 
decision functions (see Figure 4 . 4 ) . 
A general s t ructure of a model is therefore represented as l eve l s 
interconnected by rates of flow and the fundamental time sequence of 
computation can be described in terms of l eve l s and r a t e s . Time delays 
a r i s e in every stage of system a c t i v i t y and are important to consider in 
the model formulation. 
I t i s important that in order to do a proper formulation of a 
dynamic simulation model there should e x i s t a close correspondence be­
tween the real world s i tuat ion or real system and the model to be construc­
ted. Model var iab les have to be represented in the same units as the real 
v a r i a b l e s . 
I t must a lso be dist inguished between the actual conditions of 
the system and the desired conditions of the system. An information feed­
back loop usual ly includes accumulations, flows and a u x i l i a r i e s . The 
difference between an actual accumulation and a desired accumulation leads 
to a decision that wi l l correct the discrepancy. This is represented in 
Figure 4.4. 
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Figure 4.4. Negative Feedback Loop 
Feedback loops may e i the r be p o s i t i v e or negat ive . A p o s i t i v e 
feedback loop i s character ized by a p o s i t i v e change in the accumulation 
value coming around the loop af ter an i n i t i a l p o s i t i v e change in the 
accumulation was made. Pos i t i ve loops have zero or an even number o f sign 
a l te rna t ions (negat ive l ink gains) around the l o o p , and negative feedback 
loops have an odd number o f sign a l t e rna t ions . 
For example, the sign o f the l ink between an inf low and an accumu­
la t ion i s plus and between an outflow and an accumulation is minus. A 
general loop s t ructure representat ion is i l l u s t r a t e d in Figure 4.5. 
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Figure 4 . 5 . Fedback Lop Representation 
Positive feedback loops are associated with trends, usualy growth, 
and negative feedback loops are usualy associated with oscilatory 
behavior. 
The coupling of several feedback loops creates the time patern 
behavior of a system and in a real situation a variable's time history 
is the result of how the feedback loops are combined. It becomes impor­
tant to analyze which loop influences more the variable behavior and 
how this loop is interrelated with other loops in the system. 
The feedback structure of the system is the result of the totality 
of relationships betwen the variables that form the feedback loops. 
Fedback Dynamics focuses its analysis on the interrelated loops 
of a system. It analyzes the performance paterns of the variables from 
the past through the present and to the future; and after evaluating per­
formance, it focuses on a continuing improvement of the system. 
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The analysis of the feedback loops of our system are discussed 
in the next section of this chapter. 
B. Feedback Loops Analysis 
The l ife cycle of a product may exhibit different variations 
depending on the marketing system and basically on the interrelationship 
of feedback loops which create the life cycle pattern. 
The l i fe cycle of a product is created by a feedback system that 
should be analyzed considering all or at least the most important 
feedback loops in its marketing system. 
The most important feedback loops in the marketing system 
assumed are exhibited in Figure 4.6. 
Another important feedback loop in the system involving product 
availability is illustrated in Figure 4.7. 
Inventory decisions for both producer and distributor is also 
an important feedback loop. The inventory decision is made considering 
actual inventory, average sales during a certain period of time and con­
sidering an estimate time of desired inventory. This important decision 
is illustrated in Figure 4.8. 
The effect of price reduction is exhibited in Figure 4.9, and 
Figure 4.10 exhibits some of the simple life cycle variations to be 
studied, which are mainly based on sales peak time and accumulated 
average profits during the project's l i fe . 
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Figure 4.6. Most Important Feedback Loops of 




We can identify two important positive loops and one negative 
loop. One positive loop is present as an increase of sales and leads 
to more revenue, increasing thus the advertising. Advertising as 
a means of communication will influence the awareness rate. 
Another important positive loop is that increasing sales 
increases order rate from the distributor, this will tend to increase 
production rate and if the pricing of the product is based on cost; 
and if price is dependent of production output, an increase in produc­
tion will tend to reduce the cost of producing the product. This price 
reduction favors consumer response and can be assumed that has a 
positive influence on the sales variable. 
An important negative feedback loop is the assumption of a 
limited population of prospective purchasers, with the decrease of 
potential customers, sales will gradually drop to unprofitable levels. 
It is expected that the sales pattern history may change 
depending on many factors such as: product characteristics, product 
availability, reordering policies, inventory policies, manufacturing 
decisions, pricing and advertising strategies and consumer response. 
Two important feedback loops coupled together that involve 
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Figure 4.7. Coupled Feedback Loops Involving 
Product Availability 
Product availability is an important marketing variable that has effect 
in the sales response pattern of a product. 
Inventory decisions for both producer and distributor are 
based on actual inventory data, desired inventory evaluation and 
corrective action needed to eliminate discrepancy (see Figure 4.8). 
As, for example, in the case of the producer the corrective action is 
directed toward an increase or decrease of production, while in the 
case of the distributor the action leads to an increase or decrease 








Figure 4.8. Inventory Control 
Once product a v a i l a b i l i t y i s es tab l i shed by adequate reordering 
p o l i c i e s and inventory p o l i c i e s , i t i s important to focus our a t tent ion 
in the adver t i s ing va r i ab l e . 
Adver t is ing is an importatn va r iab le in the promotional e f f o r t . 
People unaware o f the product may become aware o f i t through adver t i s ing . 
Adver t is ing i s an important tool by which the producer d i r e c t s 
persuasive communications to target buyers. Adver t is ing has the 
important task o f enhancing potent ial buyers 1 by providing them valuable 
information about the product such as product c h a r a c t e r i s t i c s , q u a l i t y , 
company se rv i ce and many other fac to rs which a potent ial buyer a s soc ia t e s 
when making the purchasing d e c i s i o n . 
Promotion and adver t is ing are r e a l l y l ines o f communication between 
the producer organizat ion and the prospec t ive buyer. Whether the 
customer w i l l buy or not the product depends on many fac tors as the 
product and the u t i l i t y that the prospect ive buyer has attached to i t ; 
the p r i c e , promotional e f f o r t , money a v a i l a b i l i t y , and other aspec t s . 
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involved in the marketing proces. The efect of advertising was ilustrated in Figure 4.6. Many economic models have considerd price as an important varible and tend to emphasize the efect of price in demand without considering other factors such as customer psycholgical reaction to increases or decreases in price, competition, price detrmination in short and long term analysi, and other factors whic  are important. Several practies of pricing have ben applied in practie, some of them are: (1) Market Penetration Objective - It establishes that some companies set a realtively low price in order to stimulate the growth of the market and to capture a large share of it. Several conditions may favor a low price seting such as: (a) The market apears to be highly price-sensitive, so a lower price may bring additional buyers into the market, (b) The unit cost  of production and distribution decrease with increased output, (c) A low price would discourage actual and potential competition. This is represented in Figure 4.9. 
- ' UnCosty~ - Potential ,' of Production - ̂  . - ' ~- buyerx + 
/ 
Production + -Price Rate of 
^ _ . 
^ +) + Actual Buyer Orders + 
ratê+̂  Sales at - - ~" Actual Distributor Buyers Figure 4.9. Efec of Pic reduction in Market Penetration Objective 
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(2) Market-Skimming Objective - The objective of skimming pricing 
is to gain profit from the initial buyers which for several reasons . 
are willing to pay a higher price for a product, and only gradually 
reduce the price to draw in the more price-elastic segments of the 
market. Several conditions favor this policy such as: a) There exists 
a sufficiently large number of buyers with the disposition of paying a 
higher price, b) The unit production cost ;of producing a smaller volume 
is not so much higher than the advantage of charging the higher price. 
(3) Early Cash Recovery Policy - This policy leads to set a 
price to a product which can lead to a rapid recovery of cash. Usually 
it exists when a company requires funds or is uncertain about the 
future of the market or market response to their product in the future. 
Other pricing policies are based on rate of return goal of 
the company, product-line promotion objective, demand oriented pricing, 
markup pricing and competition oriented pricing. 
Other decisions that must be made in any marketing system such 
as production rate, shipping rate, advertising rate and some others 
will be explained later. We have just focused in what we believe are the 
more important feedback loops of the system and which dominate the time 
pattern response of sales in the marketing system that we have assumed. 
Some of the variations in a simple life cycle time history to be 
studied here are different times of peak point of sales. The time when 
the peak occurs may vary depending on different policies and consumer 




Figure 4.10. Simple Life Cycle Variations to be Studied 
The growth of sales is associated with the positive loop of 
promotional effort influencing sales and decreasing price as a result 
of increasing production output. The initial stage of the life cycle 
is characterized by a low volume of sales, potential customers are 
minimum and price is usually high due to low volume of production. 
Growth starts when the product begins to make rapid sales gains due to 
cumulative effects of introductory promotion and distribution. At the 
maturity stage sales growth continues but at a declining rate; this 
is due to the declining number of potential customers in the market. 
Finally the life cycle may exhibit maturity which is a level of stable 
sales, reaching gradually the decline stage characterized by the decreas­
ing rate of potential customers in the market. 
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Product profits are usually absent in the introductory stage, 
tend to increase substantially in the growth stage, slow down and then 
stabilize in the maturity and saturation stages, and decrease in the 
declining stage. 
Since all the stages of the life cycle have different characteris­
tics, it is important to analyze the effect of the marketing variables 
under control such as price, advertising and distribution at different 
stages of the life cycle. 
In this study we will analyze these different stages with different 
pricing, advertising and distribution strategies. 
Simple variations of the life cycle of a product to be explored 
in this study are mainly concerned with peak time, sales growth, sales 




A. Introduct ion 
After defining the marketing system and the main elements to be 
included in the analysis we then proceed to formulate the model. 
The system diagram i s exhib i ted in Figure 5 . 1 . Other diagrams 
representing each subsystem are included along with the d iscuss ion o f 
each subsystem. 
The mathematical equations for the var iab les are represented in 
th i s chapter . Parameters are estimated within reasonable ranges and 
i n i t i a l values are s e l e c t e d . 
We wi l l f i r s t descr ibe the producer subsystem, fol lowed by the 
d i s t r i b u t o r and f i n a l l y the consumer subsystem wi l l be d i scussed . 
B. Producer Subsystem 
The producer subsystem to be considered i s very simple but 
adequate to meet our o b j e c t i v e s . A flow diagram is i l l u s t r a t e d in Figure 
5 . 2 . 
It i s considered that af ter some marketing e f f o r t in the i n i t i a l 
s tage , orders a r r ive at the producer as r equ i s i t i on orders from the 
d i s t r i b u t o r . 
Unfi l led orders at the producer s ec to r may be represented as: 
L UOP.K = UOP.J + (DT) * (OR.JK - ASHR.JK) 
Figure 5.1. Model Flow Diagram 
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Figure 5.2. Flaw Diagram o f the Production Sector 
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UOP Unfi l led orders at producer (un i t s ) 
OR Order rate from d i s t r i bu to r (uni ts /week) 
ASHR Actual shipping rate at producer ^units/week) 
DT Time interval (weeks) 
Unf i l led orders w i l l be shipped to the d i s t r i b u t o r depending on 
the a v a i l a b i l i t y o f inventory at the plant and consider ing a constant 
shipping delay. 
R ASHR.KL = MIN (UOP.K/SDE, AIP.K/DT) 
ASHR Actual shipping rate to d i s t r i b u t o r (uni ts /week) 
UOP Unfi l led orders at producer (un i t s ) 
AIP Actual inventory at producer (un i t s ) 
SDE Delay (weeks) 
The order rate from the d i s t r i bu to r i s smoothed over a period o f 
time s ince th i s infromation wi l l be helpful in estimating des i red inventory 
a v a i l a b i l i t y . This is represented by a smooth equation o f the form: 
L ROS.K = ROS.J + (1/SCT) * DT * (OR.JK - ROS.J) 
C SCT = 4 
ROS Order rate from the d i s t r i b u t o r 
smoothed over a period o f t ime, (uni ts /week) 
OR Order rate from d i s t r i bu to r (uni ts /week) 
SCT Smoothing constant (weeks) 
Desired inventory at the producer wi l l be based on the 
smoothing equation f o r order rate previous ly descr ibed mul t ip l ied by a 
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time constant that represents the weeks of provision desired: 
A DIP.K = (I'C) * (ROS.K) 
DIP Desired inventory at producer (uni ts) 
IC Weeks of provision desired (weeks) 
ROS Order rate from the d i s t r ibu tor 
smoothed over a period of time (units/week) 
The actual inventory at the plant is a l e v e l , th is accumulation of 
goods i s expressed as the difference between the plant production ra te and 
the actual shipping rate of goods to the d i s t r ibu to r . The equation is 
represented as : 
L AIP.K = (DT) * (SHIN.JK - ASHR.JK) 
AIP Actual inventory at producer (uni ts) 
SHIN Shipping of goods from production to (units/week) 
plant inventory 
ASHR Actual shipping rate from producer (units/week) 
to d i s t r ibu tor 
DT Time interval tweeks) 
The desired production rate subject to the maximum capaci ty 
l imita t ion of the f a c i l i t y wi l l be based on the company's requist ion 
orders smoothed and the consideration of desired and actual inventory at 
the plant . 
A DPR. K = ROS . K + ij^) (DIP.K - AIP.K) 
DPR Desired production rate at producer 
f a c i l i t y (units/week) 
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DIP DESIRED INVENTORY AT PRODUCER (UNITS) 
AIP ACTUAL INVENTORY AT PRODUCER (UNITS) 
ADEL ADJUSTMENT DELAY (WEEKS) 
AFTER DEFINING THE DESIRED PRODUCTION RATE WE NEED TO CONSIDER THE 
PLANT MAXIMUM CAPACITY LIMITATION, SO THE EFFECTIVE PRODUCTION RATE IS 
EXPRESSED AS: 
R PR.KL = MIN(DPR.K, MAXCAP) 
PR EFFECTIVE PRODUCTION RATE AT PLANT (UNITS/WEEK) 
DPR DESIRED PRODUCTION RATE AT PLANT (UNITS/WEEK) 
MAXCAP MAXIMUM CAPACITY INSTALLED OF 
PRODUCTION AT PLANT (UNITS/WEEK) 
MIN DYNAMO DECISION FUNCTION (MINIMUM VALUE) 
THE SHIPPING OF GOODS TO PLANT INVENTORY WILL BE EXPRESSED AS A 
THIRD ORDER DELAY. THIS IS EXPRESSED BY THE FOLLOWING EQUATION: 
R SHIN.KL = DELAY3(PR.JK, PLT) 
SHIN SHIPPING OF GOODS FROM PRODUCTION TO 
PLANT INVENTORY (UNITS/WEEK) 
PR PRODUCTION RATE AT PLANT (UNITS/WEEK) 
PLT PRODUCTION LEAD TIME (WEEKS) 
THE ACTUAL SHIPPING RATE TO THE DISTRIBUTOR SMOOTHED OVER A 
GIVEN PERIOD OF TIME IS AN EQUATION REPRESENTED AS: 
L ASHRS.K = ASHRS.J + (SFGF) * ( D T) * (ASHR.JK - ASHRS.J) 
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ASHRS Actual shipping rate to distributor 
smoothed (units/week) 
STCT Smoothing time constant (weeks) 
DT Time interval (week) 
ASHR Actual shipping rate to distributer 
(units/week) 
The average production rate over a given period of time is repre­
sented by the following equation: 
A SPR.K = SMOOTH (SHIN.JK.CSPR) 
SPR Average production rate (units/week) 
SHIN Shipping of goods to plant 
inventory (units/week) 
CSPR Smoothing constant (weeks) 
A flow diagram of the distributor sector is shown in Figure 5.3. 
The distributor sector is an important part of the total system 
due to the impact that delays and ordering policies have on the overall 
system. 
The distributor sector has been simplified in order to focus our 
attention more in the variables that we believe have a major influence 
on the system; such as, ordering decision, desired inventory level, 
cas.h-.and profit position. 
We will descirbe briefly the equations associated with this sector. 
Equations for the Distributor Sector 
One important decision that the distributor must take is the order 
rate. The desired order rate is calculated considering the factors: 
C. Distributor Sector 
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Figure 5 .3 . Flow Diagram o f the Dis t r ibutor Sector 
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desired inventory, actual inventory and average sales rate. This equation is expresed as: A DOR.K = ASR.K + (1/AD) (DID. K - AID. K) DOR Desird order rate (units/week) ASR Average sales rate (units/week) AD Adjusted Delay (weks) DI  Desird inventory at distributor (units) AID Actual inventory at distributor (units) 
The average sales that the distributor makes may be calculated as a smothing equation expresed: 
L ASR.K = ASR.J + (1/TSR) (DT) (SR.JK - ASR.J) ASR Sales rate smothed (units/week) TSR Smothing time (weks) SR Sales rate (units/week) 
The actual order rate involves a delay whic  may be represented as a third order delay. This consideration is expresed as: 
R OR.KL = DELAY3 (ORD.JK,MD) OR Order rate from distributor (units/week) ORD Order rate decison (units/week) MD Mail delay (weks) 
The desired inventory at the distributor is based on the average sales and a constant factor. This is represented by the equation: 
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A DID.K = (ASR.K) * (CONSF) 
DID Desired inventory at d i s t r i b u t o r (un i t s ) 
ASR Average sales rate (units/week) 
CONSF Constant f ac to r (weeks) 
In order to formulate the equation fo r the actual inventory at 
the d i s t r i b u t o r , we need to spec i fy the rece iv ing rate equation and 
the sales rate equation. 
The rece iv ing rate o f goods from the manufacturer may be expressed 
as a thi rd order delay: 
R RRD.KL = DELAY3 (ASHR.JK, ADD) 
RRD Receiving rate at d i s t r i bu to r (units/week) 
ASHR Actual shipping rate from manufacturer (uni ts /week) 
ADD Arriving delay (weeks) 
The sa les rate i s determined by the flow of people from the 
potent ia l l eve l to the actual customer l e v e l . A unit o f flow in the 
consumer sec to r between these two l eve l s wi l l be equivalent to a unit o f 
flow o f product from the d i s t r i b u t o r ' s inventory to the customer inventory 
1 e v e l . 
The equation for the sa les rate w i l l be discussed in the consumer 
s e c t o r . 
The actual inventory at the d i s t r i b u t o r is a level equation 
represented as : 
L AID.K = AID.J + (DT) * (RRD.JK - SR.JK) 
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AID Actual inventory at distirbutor (units) 
RRD Receiving rate of goods from producer (units/week) 
SR Sales rate of goods to customers (units/week) 
The order rate decision- is based on the desired order rate, this is 
expressed as: 
R ORD.KL = DOR.K 
ORD Order rate decision at distributor (units/week) 
DOR Desired order rate (units/week) 
The equations concerning financial position are described in the financial 
sector. 
D. Consumer Sector 
Purchase behavior although very complex is best understood if we 
start with practical definitions of the concepts of demand and product. 
The essence of these comcepts as pointed by Wasson C. [22] does 
not lie in the easily seen objective manifestations of them but in the 
highly varied subjective reactions of individuals. 
The demand observed as a desire for some physical product is really 
a desire for satisfaction of some set of internal needs which the buyer 
believes will be gratified once he purchases the physical object. 
Thuesen, G.J. [14] defines the purchasing action as when the buyer 
having money available, believes that the product has equal or greater 
utility for him than the amount required to purchase it. He defines 
utility as the power to satisfy human wants and that the utility that an 
object has for the individual is determined by him. Thus, the utility 
of an object is not inherent in the object itself but is inherent in the 
regard that a person has for it . 
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I t is important to consider the complexity that consumer behavior 
has, and the d i f f i c u l t i e s involved in trying to simulate consumer 
behavior. 
This sec tor o f consumer behavior i s an attempt to simulate with 
a very simple model consumer response to product c h a r a c t e r i s t i c s such as 
u t i l i t y , and to promotional e f f o r t s such as pr ic ing s t ra teg ies and 
adver t i s ing . 
It has been suggested by some authors [27] that the task o f 
adver t i s ing is to move the consumer from a s ta te or d i s p o s i t i o n o f 
unawareness o f a product ' s ex i s t ence to the s ta te or d i s p o s i t i o n o f being 
brand loyal to the product. 
Others have argued that adver t is ing only has the task o f moving 
the consumer from a lower d i spos i t i on state to a higher d i s p o s i t i o n 
s t a t e . This would involve a process such as: 
An important conclus ion is that adver t i s ing has an e f f e c t in 
d i s p o s i t i o n s t a t e s . 
Another model proposed by Howard J. and Sheth J. [ 28 ] suggests 
the fo l lowing model: 
UNAWARE * AWARE * INTEREST * PURCHASE 
Nead arousal Information search 
Evaluation ^ Purchase Postpurchase 
Behavior Decision Feelings 
The model emphasizes that purchase dec i s ion making s ta r t s before the 
actual purchase and encourages the marketer to focus on the process rather 
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than on the sale. 
In our model of the consumer sector we will consider three hypo­
thetical states in which a consumer may be before deciding to purchase 
the product. These are: 
UNAWARE — > AWARE —> POTENTIAL 
It will be assumed that an important task of advertising is to 
move people from the unaware state to the awareness level. Although we 
will not give a detailed consideration to all the elements of the 
advertising process the rate of people becoming aware of the product will 
depend mainly on the company's advertising expense. 
Hypothetically people in the aware state will attach a utility 
value to the product. This utility value will be incorporated in the 
simulation program as an auxiliary being function of time. People will 
move to a potential customer state depending onithe disposition state 
at the awareness stage. 
The use of attitudinal scales for simulation has been done by 
Amstutz A. [26] in his simulation model of competitive market response 
and will be used here also for the purpose of simulation. 
Finally the purchase decision will be based on the interest in the 
product, the price effect and the advertising effort. The higher the 
value of these three factors combined together , the more likely it is 
that the consumer will buy in a shorter period of time. Forrester 
suggests that the time of purchasing may vary depending mainly on the 
advertising effort and on the change in consumer needs. This involves 
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a var iable delay o f several weeks up to several yea rs . This c r i t e r i a 
w i l l be used in th i s model concerning the delay involved in the purchasing 
dec i s ion from prospect ive purchases o f the product. 
The fo l1 owing sec t ion o f th is chapter w i l l include the equations 
for th is s e c t o r . 
Equations for the Consumer Sector 
A flow diagram o f the consumer sec tor i s shown in Figure 5-4. 
We shall begin by ident i fy ing four l e v e l s o f people at the con­
sumer s e c t o r . The unaware leve l includes people who have never heard o f 
the product , the awareness level includes people who have been exposed 
to adver t i s ing and know about the product , the potent ia l customer level 
includes people who af ter being exposed to adver t i s ing and information 
about the product have the in te res t o f purchasing i t . Becoming adopters 
i s the l a s t leve l denominated as "actual customer l e v e l " . 
The fo l lowing equation for the unaware level i s based on the 
cons idera t ion o f a f ixed population (singT.e l e v e l ) from which flows a 
s i ng l e output r a t e , the equation fo r UN (Unaware People) i s then expressed 
as : 







(peop le ) 
(people/week) 
(weeks) 
The second equat ion, descr ib ing the number o f people in the 
aware s tage , i s indicated consider ing the inflow ra t e , th is i s people 
Figure 5 .4 . Flow Diagram o f the Consumer Sector 
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aware per week, and the outflow rate which is people interested in the 
product per week and who become potential customers. This equation is 
a level represented as: 
L AW.K = AW.J + (DT) * (AWR.JK - PCR.JK) 
AW Level of aware people (people) 
AWR Awareness rate -^(people/week) 
PCR Potential customer rate (people/week) 
The third equation is also simple and describes the people who 
state in the system as potential customers, this equation is a level 
and is represented as: 
L PC.K = PC.J + (DT) * (PCR.JK - PUR.JK) 
PC Potential customers (people) 
PCR Potential customer rate (people/week) 
PUR Actual Purchasing rate (people/week) 
It is assumed that when people transfer from the potential customer 
level to the actual customer level each person will buy only one product 
unit provided that it exits at the distributor's inventory. A conversion 
factor is included in the equation of sales rate to be described later. 
The fourth equation describes the number of people who actually 
have bought the product, we will describe it as the actual customer 
level and is represented as: 
L AC.K = AC.J + (DT) * (PUR.JK) 
AC Actual customers (people) 
PUR Actual purchasing rate (people/week) 
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The actual purchasing rate consider ing the a v a i l a b i l i t y o f inventory 
is expressed as sales r a t e , assuming that one unit is sold when one 
person becomes an actual customer, i . e . , 
i p e o p l e \ / Unit s _ / units sold * 
* week ' people " week 
This w i l l be explained l a t e r when descr ib ing the actual purchasing rate 
equation. 
The equations for the consumer l e v e l s are simple and s t ra ight 
forward; however the equations for rates are not so e a s i l y obtained 
and require a deeper understanding. 
We w i l l desc r ibe the awareness rate equat ion, i . e . , people 
becoming aware o f the product. As discussed p rev ious ly , one o f the 
major funct ions o f adver t is ing is to create awareness o f the ex i s tence 
o f the product. 
It wi l l be assumed that mainly adver t is ing wi l l inf luence aware­
ness and a lso the use desc r ip to r value o f the product. The hypothet ical 
use desc r ip to r value as explained by Amstutz [30 ] is a p robab i l i t y o f 
use o f the product. 
The awareness rate wil l be formulated as a function o f unaware 
people and a var iable delay determined by adver t i s ing and the use 
descr i ptor value. 
Advert ising wi l l be i den t i f i ed as information value. The e f f e c t 
that adver t i s ing wil l have in the var iable delay wi l l depend on the 
r a t i o , adver t i s ing expense and saturated adver t is ing expense. 
The fo l lowing equations are then required: 
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A UDO.K = TABHL (YUDO.TIME.K) 
UDO Use descriptor opportunity (dimensionless) 
In order to quantify the total effect of advertising and use of the 
product the following relationship is assumed: 
Figure 5 . 5 . Effect of Use Descriptor on Awareness 
It will be assumed also a linear effect depending on the 
advertising ratio. This is represented by Figure 5 .6 . 
Figure 5 . 6 . Advertising Ratio Effect 
The advertising ratio is just an auxiliary expressed as 
ADEX.K A ADEXR.K = LTDEX 
50 
ADEXR Advertising expense ratio (diminsionless) 
ADEX Weekly advertising expense ($/week) 
LTDEX Saturated advertising expense ($/week) 
Both effects are expressed as an additive function: 
AWO 
A AWD.K = INFV.K + UDO.K 
Additive effect in awareness 
delay (dimensionless) 
INFV Advertising effect (dimensionless) 
UDO Probability of use effect (dimensionless) 
Where INF.K is a table function; A INFV.K=TABHL(YINFV,ADEXR.K) 
The variable delay will be then expressed as a table function: 
A AWDE.K = TABHL(YAWDE,AWD.K,0,2,INC) 
AWDE Awareness delay 
AWD Effect on awareness delay 
(week) 
(dimensionless) 
We will assume a large value of the delay for small values of AWD 
and short values of the delay for larger values of AWD. Two extreme values 




Figure 5-7, Awareness delay as a Function of Awareness Effect 
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The awareness rate is then expressed as: 










The next rate equation to be considered is the potential customer 
rate equation. We will assume that in order to become a potential 
customer two major considerations exist. First, a positive attitude 
toward the product; this is based on the utility that the product has 
for the person and is a degree of satisfaction that he derives from it. 
The utility of the product may remain constant or change during 
the project's l i fe . It will be represented as a table function: 
The utility value will be quantified in a scale of 0 to 1. 
Second, advertising has also an influence on the delay in becoming 
a potential customer. The potential customer disposition will be 
considered as an additive effect of promotion and utility. 
A UY.K = TABHL (YUYJIME.K) 
UY Uti 1 i t y of product (dimensionless) 
A PCD.K = INFV.K + UY.K 
INFV 
UY 
PCD Disposition state affecting 
potential customer delay 
Advertising effect 






Increases in this disposition state wil reduce the delay in 
becoming a potential customer. This delay is expresed as a table 
function. 
A POD.K = TABHL(YPOD,PCD.K,0,2,1) 
We wil again asume that the higher the value of PCD the shorter 
the delay in becoming a potential customer. 
The rate equation that wil relate the flow from aware to poten-i 
ti al customer is expresed as: 
R PCR.KL = 
AW.K POD.K 
PCR AW POD 
Potential customer rate People aware level Potential customer delay 
(People/week) (people) (weeks) 
The purchasing decision involves the consideration of several 
factors. A quantitative form to evaluate the impact of these factors 
is again considering an additive effect of potential customer disposi­
tion and the price effect. 
Asuming an additive effect, the higher the disposition state 
toward purchasing the shorter the delay in purchasing. 
The folowing equations are involved in the purchasing 
decision: 
A PUD.K = PCD.K + PATT.K PUD Purchasing disposition (dimensionless) PCD Potential customer disposi- (dimensionless) tion 
PATT Price effect (dimensionless) 
The purchasing disposition depends then on four factors: promotion, 
utility, price and opportunity of use of the product. 
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The purchasing delay wi l l depend on this quanti tat ive measure­
ment of purchasing d i spos i t ion , this delay is expressed as a table 
function: 
A DPUR.K = TABHL(YDPUR,PUD.K) 
DPUR Delay in purchasing (weeks) 
YDPUR Table values for the 
delay (weeks) 
PUD Purchasing disposi t ion (dimensionless) 
The price e f fec t i s also a table function that depends on the 
ra t io of price of the product and an average normal price for the 
product. This i s expressed as : 
A P W T . K . CONPRIJC 
PRAT Ratio of consumer price (dimensionless) 
and perceived value of 
the product 
CONPRI Consumer price ($ /un i t ) 
PPN Average price of the 
product ($ /un i t ) 
The price e f fec t i s represented as a table function: 
A PATT.K = TABHL (YPATT,PRAT.K) 
The values assumed for YPATT are indicated in the Appendix. 
The purchase rate wi l l then be expressed as : 
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PURD Purchase rate (people/week) 
PC Potential customers (people) 
DPUR Delay in purchasing (weeks) 
The equation above i s expressed as an a u x i l i a r y since we need 
to consider the product a v a i l a b i l i t y at the d is t r ibutors inventory. The 
sa les rate equation i s then expressed: 
R SR.KL = MIN (AID.K/DT, PURD.K * CONF) 
SR Sales ra te (units/week) 
AID Inventory of 
d is t ibutor (uni ts) 
DT Time interval (weeks) 
PURD Purchase rate (people/week) 
CONF Conversion factor A unit , 
^peoplie' 
E. Financial Sector 
A s implif ied f inancial sector w i l l be considered for the producer 
subsystem. A flow diagram of th is sector is represented in Figure 5 . 3 . 
F i r s t i t i s assumed that the producer has an estimate of i t s 
total overhead costs during the l i f e of the projec t . Total overhead 
costs w i l l be represented by the equation: 
A TOC.K = TABHL(YTOC, TIME.K) 
YTOC = values for overhead costs during pro jec t s ' l i f e . 
A constant d i rec t cost associated with the product wil l be 
expressed as : 
C UDC = 20 
UDC U t i l i t y d i rec t costs ($ /un i t ) 
I t wi l l be assumed constant during the pro jec t ' s l i f e . 
Figure 5.8. Financial Sector at Producer 
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Overhead as used here includes taxes insurance, in t e res t , 
rent , depreciation and maintenance of bui ld ings , furniture and equip­
ment, and s a l a r i e s of factory supervision. 
We wi l l assume in this study a very small en terpr i se , with 
limited resources and we wi l l focus our analys is in only one product. 
Considering the average production rate the overhead cost spread 
over each unit of production leads to the following equation: 
A U O C - K = w i 
UOC Unitary overhead cost ($ /uni t ) 
TOC Total overhead cost ($ /un i t ) 
SPR Average production rate (Units/week) 
The total cost per unit produced i s expressed as the sum of the 
d i rec t cost and the unitary overhead cost : 
A TUCK = UDC + UOC.K 
TUC Total unitary cost (S/uni t ) 
UDC Constant d i rec t cost (S/uni t) 
UOC Unitary overhead cost ($ /un i t ) 
The cost above mentioned does not consider the advert is ing expense, 
the cost of advert is ing associated with each unit of product produced 
wi l l be expressed as : 
A UADEX.K = A D E X - K 
SPR.K 
UADEX Cost of advert is ing per unit 
of product produced ($ /un i t ) 
ADEX Advertising expense at 
producer's sector ($ /un i t ) 
SPR Average production ra te (units/week) 
Considering that the producer wi l l price the product on a fixed mark 
pol icy , the price given to the d is t r ibutor i s : 
A PRICE.K = (TUC.K)(l + MKP) 
PRICE Price to d is t r ibutor ( $ / l i m i t ) 
TUC Total unitary cost ($ /un i t ) 
MKP Markup at producer as 
percentage. (dimensionless) 
Assuming that the d is t r ibutor pays the product upon receipt 
cash received from sales at producer is expressed as : 
REV.K = (CFD.JK)(PRICE.K) 
REV Revenue from sales at 
producer ($/week) 
CFD Acknowledgment of units 
received at d i s t r ibu tor 
and payment (units/week) 
PRICE Producer price ($ /un i t ) 
The term CFD is ju s t a third order delay of the receiving rate 
at the consumer. 
R CFD.KL = DELAY3 (RRD.JK,ARRD) 
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CFD Acknowledgment of units received (units/week) 
at distributor sector 
RRD Receiving rate at distributor (units/week) 
ARRD Payment delay (weeks) 
The advertising expense will be assumed to be a fraction of the 
sales revenue. It is therefore represented: 
A ADEX.K = (REV.K)(PSAD) 
ADEX Advertising expense ($/week) 
REV Review from sales at ($/week) 
producer 
PSAD Fraction of sales allocated (dimensionless) 
to advertising 
The profit at the producer based on price and products cost 
also considering the advertising expense is expressed as: 
A AVPRP.K = (PRICE.K - TUC.K)(CFD.JK) - ADEX.K 
AVPRP Profit at producer ($/week) 
PRICE Producer's price ($/unit) 
CFD Units received at distributor (units/week) 
ADEX Advertising expense at 
producer sector ($/week) 
The profit rate is just expressed in terms of the auxiliary 
function. 
as: 
R AVPRR.KL = AVPRP.K 
The accumulation of profits during the project's life is expressed 
L TAPP.K = TAPP.J + (DT)(AVPRR.JK) 
TAPP Accumulated prof i t s at producer ($) 
AVPRR Prof i t at producer ($/week) 
DT Time interval (weeks) 
Cash at the producer sector is a level represented by the 
following equation: 
L CASHP.K = CASHP.J + (DT)(CFD.JK)(PRICE.J) 
- (DT)(SHIN.JK)(TUC.J) - (DT)(RADEX.JK) 
CASHP Cash at producer sector ($) 
CFD Acknowledgment of units (units/week) 
received of product at 
Distr ibutor 
PRICE Producter 's price ($ /un i t ) 
SHIN Production ra te (units/week) 
TUC Total unitary cost ($ /un i t ) 
RADEX Advertising expense rate ($/week) 
DT Time interval (weeks) 
The ra te equation for adver t is ing i s expressed as : 
R RADEX.KL = ADEX.K 
RADEX Advertising expense rate ($/week) 





In this chapter we will analyze the behavior of the original model 
based on the assumptions previously established. The simulation language 
used was DYNAMO III. 
Several plots are presented in this chapter, varying some 
parameters, or changing certain policies such as pricing and advertising. 
The plots presented here are for a 500 week project's l ife and results 
are plotted every 15 week interval. Only the behavior of the most 
important variables is plotted on the graphs. 
The main objective of working with the initial model is to obtain 
a better understanding of the system and analyze the influence that 
different policies and parameters values might have on the system. 
The variables shown in the plots exhibited in this chapter are 
summarized in Table 6.1. The letters at the top of the plots represent 
the variables. 
The following section will deal with the original model behavior 
and the analysis of different simulation runs. 
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Table 6 . 0 . Variables Shown in Plots 
Variable Variable Name Symbol 
People aware AW A 
Revenue from sales 
at producer 
REV 
Average p r o f i t at 
producer 
AVPRP * 
Accumulated p r o f i t 
at producer 
TAPP I 
Actual inventory at 
at producer 
AIP V 
Actual inventory at 
d i s t r i b u t o r 
AID D 
Sales ra te o f product SR S 
Shipping o f product to 
producer 's inventory 
SHIN P 
T Thousand 
M Mil 1 ion 
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B. Original Model Behavior 
The behavior of the original model through 600 weeks of simulation 
will be presented first. The interval of time chosen is 15 weeks. The 
plot is shown in Figure 6.1. 
As described previously in the dynamic hypothesis chapter, it is 
expected that the life-cycle sales for one-time purchased products starts 
very low in the introduction stage and then rise to a maximum level, 
falling at the decline stage when no potential buyers are left. 
Products that are purchased infrequently are exemplified by 
household appliances, furniture, and many durables. We will assume as 
a product a small household appliance. 
Estimating sales is a very difficult task. There is no way to 
estimate future sales with certainty. Phillip Kotler (18) refers the 
purchase intention as a function of affect (attitude), social factors 
and anticipated situational factors. But purchase intention may not 
result in the actual pu rchase of the i n t ended object. Purchase behavior 
he says, is a function of the purchase intention and the nonpredictable 
situational factors. The decision of an individual to modify, postpone, 
or avoid a purchase decision is heavily influenced by perceived risk. 
Buying therefore is not a single act but a multicomponent act influenced 
by innumerable factors. 
In this study we have simplified the purchasing decision 
considering only four elements: information value, utility, use oppor­
tunity, and price. 
The fixed costs per week during the 1 ife'sproject are assumed to 
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increase each 100 weeks. These are represented by the following equation: 
A TFC.K = TABHL(YTFC,TIME.K,0,600,100) 
T YTFC = 2000/2500/3000/3500/4000/4500/5000 
The cost of production per unit is therefore affected by the 
level of production since the total fixed cost per unit decreases as 
production increases. The variable cost per unit will be assumed to be 
$20. 
The pricing policy in the original model is based on a markup of 
98% for the producer and 38% for the distributor. The price decision 
is therefore based on a cost basis. 
The advertising decision is based on a percentage of sales. 
Initially this percentage will be assumed to be 4%. 
The inventory decision for the producer and distributor is based 
on average sales, actual inventory and desired inventory. It has been 
assumed three hypothetical stages in which a consumer may be prior to 
reaching the purchasing decision. These states are: unaware, aware and 
potential customer. 
Our first task will be to analyze an adequate marketing strategy 
for the introduction stage of the product. 
It is important to mention that this model is not intended to 
be predictive, but rather an initial step that could lead us to understand 
the system assumed and obtain a better insight of market dynamics. 
The initial run is exhibited in Figure 6.1. The reader may observe 
that at the introduction stage sales are at a low level, profits are 
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Figure 6 .1 . Behavior of the Original Model 
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absent, and that this stage is characterized by a slow growth in sales. 
The main reasons for the slow growth in sales at the introduction 
stage are mainly: (1) costs are high due to relatively low output 
rates, (2) setting advertising and promotional effort as a percentage of 
sales revenue slows even more the sales rate at this stage, and (3) takes 
time to increase the disposition state of the potential market toward 
the purchasing decision. 
It is important to mention that it has been assumed a constant 
utility value of 0.5 for the product and also a constant use descriptor 
value of 0.5 during the simulation period. 
Analyzing the growth stage we observe that approximately at week 
100, sales begin to increase from 150 units per week to approximately 
350 units per week at time 300 weeks. During this stage price 
reductions take place since pricing is on a markup basis, so as produc­
tion increases, unitary costs decrease so final price also decreases. 
It can be observed that at the maturity stage sales remain in a 
range of 300 and 275 units per week from week 300 to 425 approximately. 
Finally sales begin to decline in this case not so rapidly, however 
costs of production increases again and also this slowdown in the rate 
of sales growth has the effect of producing some overcapacity in the 
producer sector. 
It is important to observe the behavior of other variables of the 
system. As stated before profits are absent at the introduction stage, 
profits accumulate through the l ife cycle of the product reaching a final 
value of 3.5 million at the end of the products life cycle. 
Another run, not shown, plotting the cost of production variable 
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shows that due to the low level o f production in the in t roduct ion s tage , 
the cos t o f production per unit i s high and th is cos t decreases as 
production reaches higher output l e v e l s . Since the pr ic ing dec i s ion is on 
a c o s t basis the consumer pr ice i s high at the i n i t i a l s tage , dec l ines 
as sales grow, s t a b i l i z e s at the maturity stage and then increases again 
as sales diminish in the dec l in ing s tage . This pr ic ing p o l i c y based on 
c o s t o f production and a markup creates several problems which wi l l be 
discussed l a t e r . The main problem is that markups should vary inverse ly 
with production cos t s so more s tab le pr ices could be a t ta ined. 
C. Behavior of the Original Model with Selected Changes in P o l i c i e s 
In th is sec t ion the o r ig ina l model 's behavior wi l l be analyzed 
when several changes are made. An in te res t ing point to analyze i s 
the var ia t ions exhibi ted by the production rate va r i ab l e . An analysis 
of these var ia t ions was focused on the production rate d e c i s i o n . After 
running several simulations changing the values o f IC which is the constant 
a f f ec t ing desired inventory we found that instead o f using IC = 4 weeks 
a value o f IC = 10 weeks reduced the production rate va r i a t i on , but a lso 
increased the value o f actual inventory at the producer. Here on a value 
o f IC = 10 weeks i s assumed for further s imulat ions . A p lo t with this 
change in the constant a f f ec t ing the desired inventory dec is ion is shown 
in Figure 6 . 2 . 
I t can be observed from Figure 6.2 that production rate exh ib i t s 
l e ss o s c i l l a t i o n compared with Figure 6.1 which considers IC = 4 weeks. 
The o s c i l l a t i o n exhibi ted by the production rate in Figure 6.1 may 
be explained consider ing that the production rate dec i s ion is based on 
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Figure 6 .2 . Original Model Behavior with IC = 10 
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r e q u i s i t i o n orders from the d i s t r i b u t o r smoothed over a cer ta in period o f 
t ime, the actual inventory at the producer and the desired inventory at 
the producer. In th is case , four weeks o f desired inventory is not 
enough to compensate the increased sales at the d i s t r i b u t o r s e c t o r , so 
the var ia t ions o f the actual inventory at the producer cont r ibutes to 
the va r i a t ions in the production rate d e c i s i o n . 
I t wi l l be analyzed the e f f e c t o f low and high promotion and a low 
or high i n i t i a l pr ice at the in t roduct ion s tage. Po l i cy 1 wi l l be i d e n t i ­
f ied as a high promotion and high i n i t i a l p r ice s t ra tegy . (High p r o f i l e 
s t r a t e g y ) . Po l i cy 2 wi l l be ident i fed as a high pr ice and low promotion 
leve l s t ra tegy . ( S e l e c t i v e penetration s t ra tegy) Po l i cy 3 wi l l be 
i d e n t i f i e d as a low pr ice and high promotion level s t ra tegy , (Pre-emptive 
penetration s t ra tegy) and Po l i cy 4 wi l l c o n s i s t o f launching the product 
with a low p r i ce and low promotional e f f o r t . (Low p r o f i l e s t ra tegy) 
I t wi l l be assumed that a producer 's p r i ce o f $50 per unit wi l l be 
a low pr ice for the product , while $70 per unit wi l l be a high pr ice to 
be paid for the product . 
Also a high promotional e f f o r t w i l l be, s ince in th is case adver­
t i s i ng i s expressed as a percent o f the revenue from s a l e s , as 15%; 
whi le a low promotional e f f o r t wi l l be considered to be 4% o f the sa les 
revenue. 
A h igh -p ro f i l e s t ra tegy cons i s t s o f launching a new product 
with a high p r i ce and a high promotion l e v e l . This s t ra tegy 
t r i e s to meet mainly two o b j e c t i v e s : charging a high p r ice enables the 
company to recover as much as pos s ib l e gross p r o f i t per unit o f product; 
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and the second objective atained by a high promotional effort is tn 
accelerate the rate of initial sales of the product. 
As pointed out by Philip Kotler (18) this marketing strategy 
is useful when (a) most of the potential market is unaware of the product, 
and (b) initial buyers wil pay a higher price for the product. 
The folowing equations wil be related with this strategy: 
A TPRICE.K = (TUCK) * (1+MKP) TPRICE Tentative price per unit ($/unit) TUC Cost of production per unit ($/unit) MKP Producer's markup (expressed as percentage) 
A PRICE.K = MIN(TPRICE.K,IPRI) PRICE Price set up by the producer ($/unit) TPRICE Tentative price based on cost of ($/unit) production and producer's markup IPRI Initial price for the product at ($/unit) the introduction stage 
In order to achieve a high promotional level at the introduction 
stage, we wil asume that advertising expense is high at the introduction 
stage of the product and decreases as the number of actual customers 
increases. This wil be represented as a table function and the equations 
relating this policy are expresed as: 
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Ratio o f actual customers and (dimensionless) 
estimated i n i t i a l market 
Number o f people who have bought (peop le ) 
the product , actual customers 
Estimated i n i t i a l market (peop le ) 
Advert is ing expense wi l l be based on a percentage o f revenue from 
s a l e s . We wi l l assume that t h i s percentage wi l l be high at the i n i t i a l 
stage and wi l l eventual ly decrease as the r a t i o o f actual customers and 
estimated market, increases . This i s represented as a table funct ion . 
The r e su l t s obtained using a high p r o f i l e marketing s t ra tegy 
are i l l u s t r a t e d in Figure 6 .3 . The p lo t corresponds to an i n i t i a l producer 
pr ice o f $65/uni t . 
It can be observed from the resu l t s obtained in Figure 6 . 3 , that 
sa les reach almost 250 units per week at week 150; sa les peak at time 255 
weeks at approximately 580 units/week. From data in the pr int ing sec t ion 
we observe that producer 's p r i ce i s reduced from the i n i t i a l $65/uni t to 
$55/uni t . We need to remember that p r ice in this case i s on a markup 
basis . 
The growth stage is character ized by high p r o f i t s . Average p ro f i t s 
reach a maximum value at time week 300, and af ter th is week they gradually 
dec l ine as sales decrease during the dec l in ing stage o f the product . 
A PSAD.K = TABHL(YPSAD,MARR.K,0,1, 0 .5 ) 
T YPSAD = 0 .15 /0 .04 /0 .02 
Several simulations were run assuming a high p r o f i l e s t ra tegy , 
summary o f the resu l t s obtained is exhibi ted in Table 6 . 1 . 
Table 6 . 1 . Summary o f Results with High P r o f i l e Strategy 
Pr ice per Unit Peak Time Accumulated Prof i t s 
at Producer on Sales When Peak Occurs 
(weeks) 
65 255 $1,082,500 
70 265 $1,135,400 
75 270 $1,330,200 
80 270 $1,228,800 
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ure 6 3 Original Model Behavior with High Profile Policy 
IPRI = 65 
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Some important conclusions may be derived from the analysis 
of the high profile policy, these are: 
(a) The high initial price and high promotional level allows the 
producer to compensate the initial high costs of production and at the 
same time accelerate the rate of market penetration. 
(b) The reduction in price occurring at approximately week 180 
favors the potential customers disposition toward purchasing thus 
increasing the sales rate of the product during the growth stage of the 
product. Also the increase in sales revenue increases the promotional 
effort. 
The second marketing strategy to be tested is the selective 
penetration strategy. This strategy consists of launching the new 
product with a high price and a low level of promotion. The purpose of 
the high price is to recover as much as gross profit per unit as is 
possible, and the purpose of the low promotion is to keep marketing 
expenses down. 
The results obtained using a selective penetration strategy are 
represented by Figure 6.5 with an initial price of $65/unit. 
We can observe that the l ife cycle curve reaches a maximum sales 
value at week 315 approximately with 331 units/week. The introduction 
stage is characterized by slow growth as well as the growth stage which 
does not show a notorious increasing rate. The advertising expense is 
at a low level during the introduction stage; approximately $250/week, 
and gradually increases during the growth stage to approximately $500/week 
at week 180. 
As indicated in the printing section, the price of $65/unit is 
O.OOOT 50 . OOOT 1 0 0 . OOOT 1 5 0 . OOOT 200 . OOOT A 
O.OOOT 10.OOOT 20.OOOT 30 . OOOT 40 . OOOT $ 
O.OOOT 25•OOOT 50.OOOT 7 5 . OOOT 1 0 0 . OOOT * 
O.OOOM l.OOOM 2 . OOOM 3 . OOOM 4 . OOOM I 
O.OOOT 2.OOOT 4.OOOT 6. OOOT 8•OOOT UD 
O.OOOT . 2 5 0 T . 5 0 0 T . 7 5 0 T l.OOOT SP 
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Figure 6 .5 . Original Model 3ehavior with S e l e c t i v e Penetration Strategy 
IPRI = 65 
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Figure 6.6. Original Model Behavior with Selective Penetration Strategy 
IPRI = 70 
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kept up to week 195, pr ice begins to decrease at this time to week 300 
reading a final value o f $61.50. This pr ice reduction does not acce l e ra t e 
s i g n i f i c a n t l y the sa les ra te during the growth stage o f the l i f e c y c l e , 
however sales af ter reaching the peak point remain r e l a t i v e l y s tab le 
during the mature and dec l in ing stages o f the product ' s l i f e c y c l e . 
This s t ra tegy , in cont ras t with the high p r o f i l e s t ra tegy , leads 
to a lower level o f sa les and a l so to a l a te r sales peak t ime. 
Several simulations with d i f f e r e n t pr ices per unit were run with 
this type o f s t ra tegy . A summary o f the resu l t s from these simulations 
i s exhib i ted in the fo l lowing t ab le : 
Table 6 . 2 . Summary o f Results with Se lec t ion Penetration Strategy 
Pr ice per Unit 
at Producer 
Peak Time on 
Sales (weeks) 
Accumulated Prof i t s 
When Peak Occurs 
65 315 $1,386,200 
70 300 $1,474,300 
75 323 $1,623,500 
80 330 $1 ,845,000 
Considering this s t ra tegy the fo l lowing conclus ion is obtained: 
Compared with the high p r o f i l e s t ra tegy , time o f sa les peak is 
delayed, a l so the number o f units at the sa les peak has a lower number. 
The third marketing s t ra tegy that i s to be analyzed i s the pre­
emptive penetration s t ra tegy . This s t ra tegy cons i s t s o f launching the 
product with a low p r i ce and high promotion. This s t ra tegy should bring 
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a fas t rate o f penetration in the potent ial market. 
The resu l t s obtained with this s t ra tegy are exhibi ted in Figure 6 .7 . 
We can observe that this s t rategy in e f f e c t acce le ra tes the rate o f i n i t i a l 
penetra t ion. Sales reached a value o f approximately 800 units/week at 
time 120 weeks; p ro f i t s however are t o t a l l y absent up to week 90 and are 
bet ter during the growth stage o f the product . Sales peak at week 180 
reaching a level in sales o f 451 units/week. Although a low pr ice has a 
p o s i t i v e e f f e c t in the consumer's d i s p o s i t i o n toward purchasing, as well 
as the high promotion l e v e l , the increase in sales does not br ing, however, 
a good p r o f i t f i gu re . At a producer 's p r i ce o f $50/uni t , accumulated 
p ro f i t s at the end o f the p r o j e c t ' s l i f e are only 52 ,265,900. 
This s t rategy is app l i cab le when most o f the buyers are p r i c e -
s e n s i t i v e as in this case . Since we have assumed a p r ice e f f e c t 
equat ion, pr ice has an e f f e c t on the customer's d i s p o s i t i o n toward 
purchasing. 
Another important p iece o f information derived from th i s s t ra tegy 
i s that sales at tain higher l eve l s due to the pr ice and promotional 
e f f o r t s ; this favors a reduction in the manufacturing cos t o f the product . 
Prof i t s however are not adequate for a producer ' s p r i ce o f $50/uni t . 
Figure 6.8 shows the resul ts o f the same strategy but consider ing a 
producer ' s p r i ce o f $55/uni t . 
Analyzing the resu l t s obtained from Figure 6.8 and the print ing 
s e c t i o n , we observe the sales peak at week 210, reaching a level o f sa les 
o f 407 units per week. We can observe that the rate o f penetrat ion is 
high during the in t roduct ion s tage , the growth stage is not as high as 
with the lower p r ice s t ra tegy; however, in the mature stage 150 to 300 
week sales are kept at a good level o f approximately 350 units/week, 
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gradually then decreasing during the dec l ine s tage . 
This s t ra tegy was tes ted with d i f f e r en t pr ices per uni t . A 
summary o f the resul ts obtained is exhibi ted in Table 6 .3 . 
Table 6 . 3 . Summary o f Results with Preemptive Penetration Strategy 
Pr ice per Unit Peak Time Accumulated Prof i t s 
at Producer on Sales (weeks) When Peak Occurs 
50 180 $345,800 
55 210 $550,600 
60 255 $934,000 
The fourth s t ra tegy to be tested i s the l o w - p r o f i l e s t ra tegy . 
This s t ra tegy cons i s t s o f launching the new product with a low pr ice 
and a low level o f promotion. The low pr ice wi l l encourage the market's 
rapid acceptance of the product; at the same time the producer keeps the 
promotion cos t down in order to achieve more net p r o f i t . 
The resu l t s obtained are i l l u s t r a t e d in Figure 6 .9 . An i n i t i a l 
producer ' s p r i ce o f $50/unit wi l l be cons idered . I t can be observed 
that a low p r i ce acce le ra tes the sales rate even though the level o f 
promotion i s low. Sales s ta r t at a low level and increase by week 115 
to approximately 250 units /week. Sales peak at approximately week 280 
with a sales rate o f 383 units/week. Although the growth stage is not 
subs tan t ia l , sales reaching the mature stage continue at an acceptable 
leve l o f approximately 325 units/week. The in t roduct ion stage is 
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week 90 o f approximately $l ,150/week. 
After sales had reached the peak point they begin to decrease 
gradually from approximately 383 units/week at time 280 weeks to a rate 
of 159 units/week at the end of the simulation per iod . 
The resu l t s obtained assuming various i n i t i a l p r ices with this 
s t ra tegy are summarized in Table 6 .4 . 
Table 6 .4 . Summary o f Results with Low P ro f i l e Strategy 
Price per Unit Peak Time Accumulated Prof i t s 
at Producer on Sales (weeks) at Time o f Peak 
50 280 $ 984,500 
55 270 $1,030,600 
60 300 $1,326,100 
IL Behavior o f the Original .Model with Changes in 
Inf luent ia l Parameters and In i t i a l Conditions 
In this s ec t ion several changes in parameters and i n i t i a l 
condi t ions in the or ig ina l model wi l l be analyzed to tes t the 
response to these f a c t o r s . 
S e n s i t i v i t y wil l be considered for the four d i f f e r en t p o l i c i e s 
stated in the l a s t s e c t i o n . A producer p r ice o f $70 per unit as high 
pr ice and $50 per unit as low pr ice wi l l be assumed. High promotion 
wi l l be based on a higher percentage (15%) o f sa les revenue, while low 
promotion wil l be based on a lower percentage o f sales revenue (4%). The 
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equations for promotion are those descr ibed at the beginning o f sec t ion 
C o f this chapter. 
Comparisons between the d i f f e r e n t resu l t s obtained from the 
se lec ted changes in some parameters and i n i t i a l condi t ions wi l l be based 
on cumulative p ro f i t s and the time when the peak o f sa les occu r s . A 
table wi l l be constructed for comparative purposes and some graphs wi l l 
be included for the s e n s i t i v i t y analysis o f some parameters. 
The four p o l i c i e s wil l be tes ted when changing the fo l lowing 
parameters: 
1) Double market s i z e . In th is case the i n i t i a l estimated 
market o f 180,000 people wil l be changed to 360,000 people . 
2) Another in teres t ing change i s an increase in the number o f 
people aware o f the product . As for example, analyze the e f f e c t i f 20% 
o f the potent ial market would have been already aware o f the product . 
3) The analysis o f an increase and decrease o f 20% the delay 
influenced by promotion, i . e . the awareness de lay . 
4) The analys is o f the s e n s i t i v i t y o f the delay influenced by 
p r i c e , the time before purchase. An increase and decrease in th is delay 
o f 20% wi l l be used. 
5) A parameter in the producer s ec to r that might be thought to 
be s e n s i t i v e is the delay in the production dec i s ion PLT. A change o f 
±20% in th is parameter w i l l be analyzed. Also in the d i s t r i b u t o r s e c t o r , 
the parameter MD which is the ordering de lay , w i l l be considered with a 
±20% va r i a t i on . 
A summary of the resu l t s obtained from the simulation runs i s 
exhibi ted in Tables 6.5 and 6 .6 . The f i r s t table i s based on comparative 
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cumulative p r o f i t s for d i f f e r en t condi t ions and the second tab le i s 
based on comparative peak time on s a l e s . I t should be r eca l l ed that 
these resu l t s are based on the assumptions made for the theore t i ca l model 
under study. 
Based on the resul t s obtained i t is observed that the s e l e c t i v e 
s t ra tegy resu l t s in the grea tes t p r o f i t , although for a larger market, 
the p r o f i t d i f fe rences between p o l i c i e s are small . The s i ze o f the 
market appears to be an important var iab le which i s s ens i t i ve to the 
d i f f e r en t p o l i c i e s that we have t e s t ed . 
As i t can be observed in Table 6 . 5 , an increase in the market leads 
to important r e s u l t s . Doubling the i n i t i a l estimated market from 180,000 
people to 360,000 people , leads to d i f fe rences for the d i f f e r en t p o l i c i e s 
that are very s ens i t i ve when compared to the normal condi t ions in which 
the s e l e c t i v e s t ra tegy produced the most p r o f i t . 
I t i s important to not ice that with a larger market, the low 
p r o f i l e and preemptive s t ra teg ies lead to very much improved resu l t s when 
compared with the normal condi t ions run. The high p r o f i l e s t ra tegy shows 
only an increase o f 90% in cumulative p ro f i t s with a larger market. The 
s e l e c t i v e s t ra tegy shows a 75% increase in cumulative p r o f i t s . The reasons 
for the dramatic improvement in the low p r o f i l e and preemptive resu l t s are 
not c l e a r . However, the change does make the cho ice o f a best p o l i c y 
uncertain. Additional analysis o f market s i z e inf luences i s needed. 
Analyzing the e f f e c t o f doubling the s i ze o f the i n i t i a l market fo r 
the case o f the s e l e c t i v e s t ra tegy , i t appears that th is s t ra tegy should 
be used when the estimated market is l imited in s i z e . 
Table 6 .5 . Comparative Cumulative P ro f i t fo r Different Conditions (Thousands) 
High Prof i l e S e l e c t i v e Preemptive Low P r o f i l e 
High Price High Price Low Price Low Price 
Cond i t ions /Po l i cy High Promotion Low Promotion High Promotion Low Promotion 
Normal 3,579 3,901 2,265 2,386 
Larger Market 6,796 6,839 6,257 6,263 
20% o f the Estimated 
Market i s Aware o f 3,595 3,973 2,673 2,611 
the Product 
Awareness Delay 
20% Increase 3,478 3,760 2,072 2,201 
Awareness Delay 
20% Decrease 3,624 4,012 2,456 2,567 
Purchasing Delay 
20% Increase 3,398 3,669 2,095 2,220 
Purchasing Delay 
20% Decrease 3,705 4,087 2,569 2,544 
Change o f PLT = 8 3,562 3,886 2,266 2,399 
Change o f PLT = 2 3,583 3,902 2,261 2,383 
Change o f MD = 5 3,537 3,995 2,257 2,368 
Change o f MD = 1 3,580 4,039 2,258 2,381 
Table 6 .6 . Comparative Peak Time for Different Conditions (weeks) 
High P ro f i l e S e l e c t i v e Preemptive Low P ro f i l e 
High Price High Pr ice Low Price Low Price 
Cond i t ions /Po l i cy High Promotion Low Promotion High Promotion Low Promotion 
Normal 265 300 180 280 
Larger Market 180 210 120 240 
20% o f the Potential 
Market i s Aware o f 210 270 120 210 
the Product 
Increase o f 20% on 
Awareness Delay 300 330 210 300 
Decrease o f 20% on 
Awareness Delay 240 270 180 240 
Increase o f 20% on 
Purchasing Delay 285 330 210 300 
Decrease o f 20% on 
Purchasing Delay 240 270 180 240 
Change o f PLT = 8 270 300 180 270 
Change o f PLT = 2 270 300 180 270 
Change o f MD = 5 270 300 180 270 
Change o f MD = 1 270 300 180 270 
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This s t ra tegy in contras t with the high p r o f i l e s trategy leads to a 
lower level o f sa les and a lso to a la ter sa les peak time. However, at 
the end o f the simulation period the cumulative p ro f i t s are bet ter 
when th i s s t ra tegy i s s e l e c t e d . 
Another important r e su l t that can be observed from Table 6.5 
i s f o r the preemptive s t ra tegy . This s trategy shows a 276% increase in 
cummulative p ro f i t s when compared with the normal condi t ions run. I t 
appears then that this p o l i c y leads to good resu l t s when the i n i t i a l 
market is larger in s i ze than the one i n i t i a l l y assumed. 
The fourth s t ra tegy a l so leads to in te res t ing resu l t s when the 
i n i t i a l market is doubled in s i z e . Cumulative p r o f i t s show an increase 
o f 262% when compared with the normal condi t ions run. This s t rategy 
appears to be a l so adequate when the i n i t i a l market is larger in s i z e , 
although for th is case the cumulative p ro f i t s were near the same as 
with the preemptive s t ra tegy p o l i c y . 
An important conclus ion may be reached at this point s ta t ing that 
the market s i z e is a very important and sens i t i ve parameter for the four 
p o l i c i e s tes ted with the model. 
Analyzing the condi t ion o f having 20% o f the estimated market 
aware o f the product , the high p r o f i l e s t ra tegy did not show a s i g n i f i c a n t 
p r o f i t improvement compared with the i n i t i a l condi t ion run, although as 
observed from Table 6 .6 , the peak in sales decreases from week 265 to week 
210. For the s e l e c t i v e p o l i c y case the increase in cumulative p ro f i t s 
is a lso very small (2%) and the peak in sa les decreases from week 300 
in the normal condi t ions run to week 270. For the preemptive p o l i c y the 
cumulative p ro f i t s increase i s 18%, and the peak in sales decreases 
from 180 weeks in the normal condi t ions to 120 weeks. The las t p o l i c y 
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which is the low p r o f i l e shows an increase in p ro f i t s o f 9% when compared 
with the normal condi t ions run, and the peak in sa les decreases from 
week 280 to week 240. 
An important conclus ion is that th is change was more s i g n i ­
f i can t for the preemptive s t ra tegy case . 
An increase o f 20% in the awareness de lay , as expected, increases 
the time o f the peak in sales and leads to less cumulative p ro f i t s at 
the end o f the simulation per iod . A decrease however, o f 20% in the 
awareness delay shortens the time o f the peak in sales and a l so leads 
to a be t ter f igure in the final cumulative p ro f i t s as may be observed 
from Table 6 .5 . This resu l t i s a l so expected s ince based on the model 
formulation people at the unaware s ta te wi l l eventual ly buy the product 
so an increase or decrease in the awareness delay inf luences how fast 
or how slow a potential customer wi l l become an actual customer. This 
is o f course a major l imi ta t ion in the model s ince outflows from the 
d i f fe ren t l e v e l s o f the consumer sec to r should have been provided. 
Figures 6.11 and 6.12 exh ib i t the e f f e c t o f the increase and the decrease 
o f the awareness delay by 20% under low promotion and high promotion 
cons ide ra t ions . It can be observed that in general a decrease in the 
awareness delay wil l r e su l t in higher cumulative p r o f i t s . An increase 
o f 20% in the purchasing de lay , a l so as expected, increases the time o f 
the peak in sales and leads to l e ss p r o f i t s compared with the normal 
c o n d i t i o n s , while a decrease o f 20% favors the final cumulative p r o f i t s 
as may be observed from Table 6 .5 . Figures 6.13 and 6.14 show the e f f e c t 
o f increasing and decreasing by 20% the purchasing delay for the low 
promotion and high promotion c o n d i t i o n s . 
Figure 6 .11 . Sens i t i v i t y Analysis on Awareness Delay (Low Promotion) 
Figure 6 .12 . Sens i t i v i t y Analysis on Awareness Delay (High Promotion) 
ro 
Figure 6 .13 . Sens i t i v i ty Analysis on Purchasing Delay (Low Promotion) 
VO CO 
Figure 6 .14 . Sens i t iv i ty Analysis on Purchasing Delay (High Promotion) 
95 
An increase o f 20% in the purchasing delay decreases the cumula­
t i v e p r o f i t s by the fo l lowing percentages with respec t to the normal 
c o n d i t i o n s ; for the high p r o f i l e s t ra tegy the decrease i s o f 5%, in the 
case o f t h e s e l e c t i v e s t ra tegy the decrease in cumulative p ro f i t s is 
6%, and 8% with the s e l e c t i v e s t ra tegy . Considering the low pr ice 
p o l i c i e s the decrease is 8% for the preemptive s t ra tegy and 7% for- the 
low p r o f i l e s t ra tegy . 
An important conclus ion consider ing the 20% decrease in purchasing 
delay is that as observed from Table 6 .5 , the preemptive and low p r o f i l e 
s t ra teg ies lead to s imilar cumulative p r o f i t f igures favoring s l i g h t l y 
the preemptive p o l i c y . Analyzing the parameter PLT which i s the delay 
in production dec i s ion which fo r normal condi t ions was set up to 4 weeks, 
i t can be observed that no change i s observed when varying this parameter 
to 8 or 2 weeks. Another parameter in the d i s t r i bu to r sec to r which was 
thought to be s e n s i t i v e i s MD. I t corresponds to the ordering delay. 
I t did not show s e n s i t i v i t y at al l when changed from 3 weeks to 5 and 1 
week. 
An important conc lus ion , however, as observed from Table 6 . 5 , i s 
that in the case o f the high p r o f i l e and s e l e c t i v e s t r a t eg ies an increase 
in PLT decreases s l i g h t l y the cumulative p r o f i t f i g u r e ; but in the 
case o f the preemptive and low p r o f i l e s t r a t e g i e s , the p r o f i t f iqure i s 
s l i g h t l y improved. The decrease o f PLT increases the cummulative p r o f i t 
f igure very s l i g h t l y for the high p r o f i l e and s e l e c t i v e s t ra tegy , while 
fo r the preemptive and low p r o f i l e s t ra tegy the cumulative p r o f i t f igure 
is s l i g h t l y lowered. 
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Analyzing for the parameter MD, an increase in this parameter 
decreased slightly the profit figure for the high profile, preemptive and 
low profile strategies as compared with the normal conditions run. 
However, for the selective strategy the profit figure was better by 2%. 
A decrease of MD produced more or less equal results except for the 
selective strategy which showed a 4% increase in the cumulative profit 
figure. An important parameter, tested later in additional runs and 
which demonstrated to have an effect in the system when varied, was the 
parameter PPN which is the perceived value of the product by the customer. 
In the original model this parameter was assumed to be $65 per unit. 
Changing this value to $90 per unit, the cumulative profits were much 
better during the project's l ife. This is illustrated in Figure 6.15. 
A higher perceived value from the customer than the price of sale from 
the distributor favored the customer response toward purchasing. 
E. Limitations and Validation Section 
Some selected changes in parameters and initial conditions have 
been explored. The results obtained cannot, however, be generalized. 
The model that has been assumed is theoretical. One of the major limita­
tions in this model is that a competitive sector has not been considered. 
A competitive sector should have had a major impact on the system. It 
should have influenced the advertising and pricing decisions, and market 
share should have been an important variable to analyze. 
Another major limitation has been the consumer sector; much more 
detail is required in developing an adequate consumer sector. In this 
model almost all the people in the initial estimated market eventually 
Figure 6 .15 . Change in the Parameter PPN 
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buy the product. This i s of course an un rea l i s t i c assumption. People 
at the aware and potential l e v e l s may become non-buyers. Also there could 
be an influence from s a t i s f i e d or d i s a t i s f i e d customers, such that potential 
customers may be reluctant to buy. 
The purchasing decision was viewed here only in terms of a 
higher disposi t ion s t a t e ; in the real world there is a multicomponent act 
consist ing of decisions involving product c l a s s , product form, brand, 
vendor, adver t i s ing , promotions, perceived r i sk and many other factors 
which a f fec t the purchasing ac t . 
Another important l imi ta t ion i s that products are viewed by 
consumers as mul t ia t t r ibute ob jec t s , and the consumer i s l i k e l y to have 
a u t i l i t y function for each a t t r ibu te of the product. This model has 
included only one u t i l i t y function. 
Advert ising should a lso be viewed as an important subsystem and 
not only in terms of one var iab le as has been done in this model. 
By far extensive research i s s t i l l required to improve the model 
presented. References from the l i t e r a t u r e instead of actual data have 
been used as a j u s t i f i c a t i o n for the model. The s e n s i t i v i t y ana lys i s for 
some important parameters have been included in this chapter to show 
that the conclusions reached by th is study would not be g rea t ly changed 
i f d i f ferent values were used. I t is c l ea r however that this model i s an 
i n i t i a l step toward market simulations. 
L a s t l y , simulation of purchasing behavior, although a very complex 
area , has g rea t ly improved with the aid of psychology and behavioral 
sc iences . The consumer s ta tes assumed here as unaware, aware, potential 
and actual customers have been suggested in the l i t e r a t u r e as a consumer 
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buying process. However, the real behavior i s much more complex than is 
assumed for this model. 
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CHAPTER VII 
CONCLUSIONS AND RECOMMENDATIONS 
The theore t i ca l model proposed for th is study was explored in the 
l a s t chapter . Under the condi t ions assumed and the l imi ta t ions descr ibed 
e a r l i e r , a s e l e c t i v e penetration strategy resu l t s in be t te r overa l l 
cumulated p r o f i t s . 
I t is found that the s i ze o f the market was a very important and 
sens i t i ve parameter for the four p o l i c i e s t es ted . 
Concerning the producer 's p o l i c i e s o f adver t i s ing as a percentage 
o f sales revenue and pr ic ing in a mark-up ba s i s , both have cer ta in 
l i m i t a t i o n s . At the in t roductory stage o f the product substantial 
promotional e f f o r t i s requi red . Since sa les are at a low level during 
th is s t age , a f ixed percentage o f sa les revenue produced inadequate 
promotion fo r the product at the i n i t i a l s t age . 
The pr ic ing p o l i c y on a mark-up basis a l so was not very p r a c t i c a l . 
Mark-up pr ic ing in this case should be a var iab le mark-up varying inverse ly 
with production c o s t s . The reason i s that p r ices resul ted very high at 
low l e v e l s o f product ion; th is was avoided with a f ixed p r ice i n i t i a l 
p o l i c y . 
I t has been i den t i f i ed that the major feedback loops re la ted to 
growth o f sa les are the loop containing the pr ice dec i s i on and the loop 
re la t ing to sales and promotional e f f o r t . The l imi t ing loop i s the one 
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involving the f ixed population o f the consumer sec tor and not consider ing 
a repurchase a c t i v i t y . 
One o f the major l imi ta t ions o f th is study is not having included 
a compet i t ive s e c t o r . This has l imited the analys is o f the r e su l t s 
obtained in th is work. 
A s e n s i t i v i t y analysis o f various parameters and se lec ted changes 
in i n i t i a l condi t ions led to important r e s u l t s . For both cases, the normal 
market and a larger market, a s e l e c t i v e p o l i c y produced more cumulative 
p r o f i t s during the simulation period o f 600 weeks. The resu l t s obtained 
when varying the awareness and purchasing delays were as expected. The 
model showed some s e n s i t i v i t y to these parameters although not s i g n i f i c a n t . 
Changes in the parameter PLT involving the delay in production 
dec i s ion led to equivalent r e su l t s as in normal c o n d i t i o n s . The same 
resu l t was obtained when varying the ordering delay MD at the d i s t r i bu to r 
s e c t o r . 
A parameter which showed greater s e n s i t i v i t y was PPN which repre­
sents the perceived value o f the product by the consumer. Cumulative 
p r o f i t s were much bet ter when th i s value was higher than the consumer 
p r i c e , i . e . , the pr ice o f fe red by the d i s t r i b u t o r to the consumer. 
The value of DT used for simulation was DT = 0.2 weeks. Smaller 
values o f DT did not show var ia t ions in the f inal r e s u l t s . 
Concerning future work in th is area a f i r s t step should be to 
crea te a bet ter model re la t ing the consumer sec to r and simulate the 
consumer behavior af ter s e l ec t ing a par t icu la r product. The s e l e c t i o n 
o f one product wi l l permit one to focus the analysis on the a t t r ibu tes 
o f the product se lec ted and the u t i l i t y functions attached by the potential 
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consumer to the product. 
Also af ter s e l e c t i n g one product i t may be p o s s i b l e to include 
curves re la t ing pr ice e l a s t i c i t y and promotion e l a s t i c i t y i f these curves 
are known or a l so may be assumed with d i f f e r en t va lues . In teres t ing 
resu l t s may be expected from th is a n a l y s i s . 
Future work could a l so include an in te res t ing area involving cos t s 
o f d i s t r i b u t i o n , ordering c o s t s , and inventory holding c o s t s . A more 
de ta i l ed f inancial s ec to r would be he lpfu l . 
One o f the most important f ac to r s to be included in a model o f 
this so r t in future work is a compet i t ive s e c t o r . This sec to r should 
have an important inf luence on the pr ic ing dec i s ion and on the sa les 
va r i ab le . 
Another in te res t ing area to be explored would be an adver t is ing 
subsystem. Many var iab les re la ted with adver t is ing could be analyzed 
in the i r impact on awareness and sales response. Feedback Dynamics would 
be extremely helpful in analyzing the e f f e c t o f d i f f e r en t adver t is ing 
timing patterns such as concentrated continuous and intermit tent messages 





LNP* 1 L UOP. K=U0P. J + DT*(OR. JK-ASHR. JK) 2 R SHR.KL=UOP.K/SDE 3 C SDE=2 4 R TSHR . KL=MIN <SHR . JK•AIP .K/DT) 5 R ASHR. KL=MAX(0, TSHR. JK) 6 L ROS . K=R0S. J+ <1/SCT> *DT*(OR. JK-ROS . J) 7 C SCT=10 8 A DIP.K=MAX(IC*ROS.K,0> 9 C IC = 10 1 L i AIP. K=AIP . J+DT* < SHIN .JK-ASHR . JK) 11 A DPR. K=R0S. K+(1/ADEL)*(DIP . K-AIP. K) 12 C ADEL=10 13 R 1 PR.KL=MIN(DPR.K , MAXCAP) 14 C MAXCAP=10  15 R SHIN .KL=DELAY3 < PR . JK tPLT) 16 C PLT=4 17 A U0C.K=T0C.K'/APR.K 18 A T0C »K = TABHL(YTOC•TIME . K *0 >LEN >INC > 19 T YTOC=2000/2500/3000/3500/4000/4500/5< 20 L APR. K-APR. J+ <1/CSPR > *(DT)*(SHIN.JK-AI 21 C CSPR=50 o o A TUC.K=U0C.K+UDC 23 CUDC=20 24 A UADEX . K=ADEX . K/ASHRS . K 25 A TPRIE. K=(TUC . K)*(1+MKP) 26 A PRICE .K=MIN <TPRICE . K ,IPRI) 27 C IPRI=65 28 A REV . K= < CFD. JK)* < PRICE . K) 29 C MKP=0.98 30 A ASHRS . K = SM0TH(ASHR . JK, STCT) 31 C STCT=4 32 A AVPRP . K*< PRICE . K-TUC . K)*CFD. JK-ADEX. 1 33 R AVPRR.KL=AVPRP.K 34 L TAP  . K=TAP  . J+DT*(AVPRR . JK) 35 R CFD. KL=DELAY3(RRD.JK,ARRD) 36 C ARRD=20 37 A ADEX•K=REV•K*PSAD 38 C PSAD=.04 39 A MARR. K=AC . KVESTM 40 L CASHP . K=CASHP . J + DT*AVPRP . J*CFD . JK 41 A ADEXR. K=ADEX.K/LTDEX 42 C LTDEX=500 43 R RADEX . KL=ADEX. K 44 NOTE DISTRIBUTOR SECTOR 45 A TDOR . K=ASR. K+(1/AD)*(DID. K-AID. K) 46 A D0R.K=MAX(0,TD0R.K> 47 C AD=4 48 L ASR , K=ASR . J+ <1/TSR)*(DT)*(SR. JK-ASR., 49 C TSR=4 50 R ORD . KL = D0R . K 51 R OR,KL=DELAY3(ORD. JK tMD) 52 C MD=3 53 A DID.K=ASR.K*CONSF 54 c C0NSF=4 55 R RRD. KL=DELAY3(ASHR. JK rADD) 56 c ADD=2 57 -L AID. K=AID. J+DT*(RRD. JK-SR. JK) 58 A UFCD.K=FCD/ASR.K 59 C FCD̂IOOO 60 A TCPUD.K=PRICE.K+UFCD.K 61 A CONPRI.K=(PRICE.K)*(1+DMUP) 62 C DMUP=0.38 63 A UPD.K=CONPRI.K-TCPUD.K 64 L CASHD. K=CASHD. J+(DT)*(SR. JK)*(UPD. J) 65 A AVPRO. K=(ASR . K)*(UPD,K) 
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66 NOTE CONSUMER SECTOR 67 L UN.K=UN.J-DT*AUR.JK 68 R AUR . KL=UN . K/AWDE . K 69 L AW.K=AW.J+<DT)*<AWR.JK-PCR.JK> 70 L PC.K=PC.J+(DT)*(PCR.JK-PUR.JK) 71 R PCR.KL=AW.K/POD.K 72 L AC . K = AC . J+(DT)*(PUR. JK) 73 A PURD.K=PC.K/DPUR.K 74 A UY.K=TAHHL<YUY,TIME.K,0»LEN,INC) 75 T YUY=.5/.5/.5/.5/.5/.5/.5 76 A UDO.K=TABHL(YUDOfTIME.Kf0,LENrINC) 77 T YUD0=.5/.5/.5/.5/.5/.5/.5 
78 A INFV.K=TABHL<YINFVFADEXR.K»OF1».2> 79 T YINFV=.2/.2/.4/.6/.8/l 80 A F'ATT . K = TABHL ( YPAT  r F'RAT « K • 0 • 2 • . 5 ) 81 T YPAT  = l/.5/0/-,f/-l 82 A PRAT.K=CONPRI.K/PPN 83 C PPN=65 84 A AUDE . K=TABHL(YAUDE tAWD. K , 0 ,2, . 5) 85 T YAUDE=200/150/100/50/0 86 A AUD.K=INFV.K+UDO.K 87 A PCD.K=INFV.K+UY.K 88 A POD . K = TABHL(YPOD•PCD . K•0•2•1) 89 T YP0D=200/150/50 90 A PUD . K=PCD . K'+PATT . K 91 A DPUR . K=TABHL(YDPUR tPUD . K•0 , 3 ,1) 92 T YDPUR=200/50/25/  93 A IGF.K=MAX(O.PURD.K) 94 A DGF . K = MAX(0 » AID . K/DT) 95 R SR.KL=MIN(IGF.KrDGF.K) 96 R PUR.KL=SR.JK 97 C C0NVF=1 98 N U0P=R0S 99 N ROS=PC*CONVF/PURDN 100 C PURDN=4 101 C ESTM=1800  102 N AIP=IC*ROS 103 N AID-=CONSF*ROS 104 N SPR=ROS 105 N ASR=ROS 106 N APR=ROS 107 N UN=ESTM 108 N AU=ESTM2 109 N PC=ESTM3 110 N AC=ESTM4 111 N CASHP=1500  112 N CASHD=1500  113 N TAPP=100  114 C ESTM2=1200 115 C ESTM3=50 116 C ESTM4=50 117 C LEN=60  118 C INC=10  119 PLOT AW=A<0.2000)/REV=$/AVPRP=*<0.1OOOOO)/TAPP=I/AIP=V,Al 120 X R=S(0,1000)»SHIN=P(0,1000) 121 PLOT PRICE=E/AVPRP=*/PRAT=R/UOP=N/OR=R/ADEX=A/PUD=U/SR=S 122 PRINT PRICErCONPRI,ADEX,ADEXR,INFV 123 PRINT AUR•PCD , POD tPUD•DPUR rSR 124 SPEC DT=,2/LENGTH=60/PRTPER=0/PLTPER=15 
125 OPT SKPRN 
126 RUN BASE 
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